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Conventional soybean [Glycine max (L.) Merr.] cultivars produce oil with 110 g kg"' 
palmitate and ~70 g kg-1 linolenate. Soybean oil with reduced palmitate content is desirable for 
cardiovascular health. Reduced linolenate content results in a more oxidatively stable oil that may 
not require partial hydrogenation. Partial hydrogenation produces tans-fatty acids, which are 
undesirable for human health. 
Tocopherol (vitamin E) is an antioxidant found in soybean oil. The objective of this study 
was to compare lines with reduced palmitate or reduced linolenate with normal lines for tocopherol 
content. Two experiments were conducted to make this comparison. 
In the first experiment, a total of 41 soybean cultivars and lines with palmitate contents 
ranging from 3 7 to 124 g kg 1 and linolenate contents ranging from 12 to 83 g kg-' were compared for 
tocopherol content. The cultivars and lines were evaluated in four yield trials at three to five 
locations in 2001. Lines with reduced palmitate had a significantly higher mean total tocopherol 
content than lines with normal fatty ester content or with 10 g kg-1 (1 %) or 25 g kg 1 (2.5%) 
linolenate. No significant difference in total tocopherol was observed between normal and 10 g kg-1
linolenate lines. No consistent effect of fatty ester composition on percentages of individual 
tocopherols was observed. Environment had a significant influence on the percentages of individual 
tocopherols. 
In the second experiment, lines with 1 % linolenate and lines with 7% linolenate were 
compared for tocopherol content. Three populations were formed by crossing three high-yielding 
conventional lines with three 1 %-linolenate lines. For each population, 20 1 %- and 20 7%-linolenate 
F3:4 lines were evaluated in Isabela, Puerto Rico, in 2002. The same lines were evaluated at two 
locations near Ames, IA, in 2002. The mean total tocopherol content of the 1 %-linolenate lines was 
73 mg kg 1 lower in Population 1, 74 mg kg ' lower in Population 2, and 91 mg kg 1 lower in 
Population 3 than that of the 7%-linolenate lines, but the difference was significant only in 
Populations 1 and 2. At all individual locations, the mean total tocopherol of the 7%-linolenate lines 
was significantly greater than that of the 1 %-linolenate lines in the three populations. The maximum 
mean differences in any of the populations for individual tocopherol and fatty ester content were 27 
mg kg"1 oil for alpha (a) tocopherol, 33 mg kg 1 oil for gamma (y) tocopherol, 41 mg kg 1 oil for delta 
(~) tocopherol, 90 mg kg 1 oil for total tocopherol, 1.3% for the percentage of a tocopherol (a total"1), 
1.3% for the percentage of y tocopherol (y total"1), 0.9% for the percentage of b tocopherol (b total"1), 
3 g kg 1 oil for palmitate, 4 g kg 1 oil for stearate, 49 g kg 1 oil for oleate, 3 7 g kg"1 oil for linoleate, 
and 59 g kg"1 oil for linolenate. The overlap in ranges of total tocopherol between the 1 % and 7%-
linolenate lines indicated that it should be possible to develop 1 %-linolenate cultivars with acceptable 





Soybean [Glycine max (L.) Merr.] oil is composed primarily of the fatty esters palmitate, 
stearate, oleate, linoleate, and linolenate. Palmitate (16:0) and stearate (18:0) are saturated, and 
contain no carbon-carbon double bonds. Oleate (18:1), linoleate (18:2), and linolenate (18:3) are 
unsaturated, and contain one or more double bonds (Yang et al., 2003). Soybean oil with less than 40 
g kg 1 palmitate contains less total saturated fat than conventional oil with 110 g kg ~ palmitate 
(Schnebly et al., 1994). Replacing dietary saturated fat with unsaturated fat is desirable for 
cardiovascular health (Hu et al., 1997). The double bonds in unsaturated fats cause them to be 
relatively unstable, which can result in undesirable odor and flavor due to oxidation. Linolenate with 
three double bonds contributes the most to oxidative instability. The development of cultivars with 
reduced linolenate may be desirable for producing oil with oxidative stability sufficient to eliminate 
the need for hydrogenation (Shen et al., 1997). 
Iowa State University developed soybean lines with altered fatty ester profiles through 
mutagenesis. Reduction in palmitate was achieved by combining the fapl and fap3 alleles (Erickson 
et al., 1988; Fehr et al., 1991; Schnebly et al., 1994). Reduced-linolenate lines produce oil with ~10 
or ~25 g kg"~ linolenate that has increased oxidative stability compared with normal soybean oil with 
~77 g kg"~ linolenate (Walker et al., 1998; Ross et al., 2000). Reduction in linolenate was achieved by 
combining three independent mutations for reduced linolenate: fanl(AS), fang, and fan3 (Fehr and 
Hammond, 1998; Ross et al., 2000). 
Soybean oil is a primary source of Vitamin E, an antioxidant beneficial to human health and 
useful as a preservative in oils and foods. Vitamin E is composed of four molecules known as 
tocopherols, which are designated alpha (a), beta ((3), gamma (y), and delta (b). The form most 
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commonly included in natural nutritional supplements is a tocopherol, which has ten times the 
biological activity of y tocopherol in mammals (Stone and Papas, 2003). Recent research indicates 
that y tocopherol may have a unique role in promoting human health, a possibility that requires more 
investigation (Jiang et al., 2001). In neutralizing reactive oxygen species, a and y tocopherols have 
similar activity (Stone and Papas, 2003). In neutralizing reactive nitrogen species such as ONOO-, 
NO2, and HONO, y tocopherol is more effective than a tocopherol because a tocopherol includes a 
methyl group at the nucleophilic 5-position that is absent in y tocopherol (Christen et al., 1997; 
Cooney et al., 1993; Stone and Papas, 2003). Relative concentrations of tocopherols may differ 
among soybean lines and environments. 
Reduced linolenate content (~25 or ~10 g kg ~) has been associated with changes in 
tocopherol concentration. Mounts et al. (1996) analyzed oil from lines with reduced linolenate (17 to 
55 g kg ~), increased stearate (172 g kg"~), or increased palmitate (144 to 258 g kg"') content, in 
comparison with each other and with Hardin 91, which was used as a standard. The reduced- 
linolenate lines produced higher total tocopherol than the elevated palmitate lines. The cultivars for 
their study were grown in different environments, so environmental and genetic effects may have 
been confounded. 
Dolde et al. (1999) grew 11 lines with linolenate content from 26 to 112 g kg"1. Lines with 10 
g kg 1 linolenate were not included. Palmitate content in the modified lines ranged from 33 to 249 g 
kg 1. They observed a positive association between linolenate and contents of total, y, and 8 
tocopherols in both conventional lines and lines with modified fatty ester content. No association was 
observed between total tocopherol and palmitate. The limited number of unrelated genotypes used in 
this study made it difficult to distinguish between tocopherol variation due to fatty ester profile and 
tocopherol variation due to individual genetic backgrounds. 
Almonor et al. (1998) evaluated three lines with 31 to 42 g kg 1 linolenate in comparison with 
a conventional line for tocopherol content. They observed a positive correlation between linolenate 
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and contents of total and y tocopherols. Reduced y tocopherol in the reduced-linolenate lines resulted 
in a significantly higher percentage of a tocopherol relative to the total amount of tocopherol. The 
limited number of unrelated genotypes used in this study made it difficult to distinguish between 
tocopherol variation due to fatty ester profile and tocopherol variation due to individual genetic 
backgrounds. 
The purpose of this study was to evaluate the relationship of altered fatty ester lines with 
tocopherol concentrations in soybean seed oil. This study differs from prior studies in the use of lines 
with a lower linolenate content (10 g kg"') than had been available previously, and the comparison of 
lines differing in linolenate content with a similar genetic background. 
4 
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CHAPTER 2 
RELATIONSHIP OF MODIFIED FATTY ESTER PROFILE TO 
TOCOPHEROL CONTENT OF SOYBEAN SEED OIL 
Abstract 
Soybean [Glycine max (L.) Merr.] oils with reduced palmitate or linolenate content have 
been developed by traditional breeding methods. This study was conducted to determine the 
relationship of reduced palmitate or linolenate in soybean seed oil with its tocopherol content. A 
total of 41 soybean cultivars and lines with palmitate contents ranging from 3 7 to 124 g kg 1 and 
linolenate contents ranging from 12 to 83 g kg ' were evaluated in four experiments at three to five 
locations in 2001. Two samples of seed of each genotype from each location were analyzed for the 
content of palmitate; linolenate; and a, ~y, and ~ tocopherols. The mean total tocopherol content of 
genotypes with ~40 g kg 1 palmitate was significantly greater than the mean of the normal- and 
reduced-linolenate lines in each of the four experiments. Lines with ~25 g kg 1 linolenate were 
significantly lower in total tocopherol than normal lines in two of the trials. Lines with ~ 10 g kg l
linolenate were not significantly different in total tocopherol from normal lines. Some normal- or 
reduced-linolenate lines had tocopherol content comparable to some reduced-palmitate lines. These 




Diets with less saturated fat as a percentage of total fat consumed are desirable for 
cardiovascular health (Hu et al., 1997). Soybean oil with less than 40 g kg 1 palmitate has been 
developed to provide less saturated fat than conventional oil with ~ 110 g kg 1 palmitate. The 
development of cultivars with reduced linolenate may be desirable for producing oil with oxidative 
stability sufficient to eliminate the need for hydrogenation (Shen et al, 1997). Hydrogenation of 
edible oils produces trans-fatty acids that seem to increase the risk of heart disease when included in 
the diet in place of natural fatty acids (Hu et al., 1997). 
Reduced linolenate content has been associated with changes in tocopherol concentration. 
Mounts et al. (1996) compared oil from lines with 17 to 5 5 g kg 1 linolenate or 144 to 25 8 g kg 1
palmitate. The reduced-linolenate lines produced higher total tocopherol than the elevated-palmitate 
lines. One standard line, Hardin 91, was included for comparison. It produced more total tocopherol 
than any other line. The cultivars analyzed in their study were grown in different environments; 
therefore, environmental and genetic effects may have been confounded. 
Dolde et al. (1999) grew 14 conventional soybean lines in the same environments as 11 
soybean lines with elevated or reduced palmitate, elevated stearate, or reduced linolenate. Palmitate 
content ranged from 3 3 to 249 g kg-1. Linolenate content ranged from 26 to 112 g kg ' . Lines with 10 
g kg-1 linolenate were not included. They observed a positive association between linolenate and 
tocopherol content in both conventional lines and lines with modified fatty ester content. The y-
tocopherol concentration also was less in the reduced-linolenate lines. No association was observed 
between total tocopherol and palmitate. 
The purpose of this study was to evaluate the relationship of altered fatty ester genotypes with 
tocopherol concentrations in soybean seed oil, taking environmental effects into account and 
including lines with ~ 10 g kg 1 linolenate. 
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Materials and Methods 
The lines used in this study were developed by Pioneer Hi-Bred International, Inc (Pioneer). 
The lines were grown by Pioneer in one or more of four experiments in 2001 (Table 1). Each 
experiment had one or more lines with normal fatty ester content; ~40 g kg-1 palmitate; ~ 10 g kg-1
linolenate; and ~25 g kg 1 linolenate. Aline with 40 g kg 1 palmitate and 25 g kg-1 linolenate was 
included only in Experiments 1 and 3. The experiments were conducted at three to five locations 
with one replication at each location. Locations included Atlantic, Carroll, Creston, Dallas Center, 
Essex, and Johnston, IA; Mound City, MO; and Oakland, NE. From each experiment, three lines of 
each fatty ester profile were selected for comparison. 
The fatty ester and tocopherol content of the lines in each experiment were analyzed in two 
replications of 3 0 seeds from each location. Samples were randomized using the RAND() function of 
Microsoft Excel, blocking the samples by replication within each experiment. The 3 0 seeds of a 
sample were divided into five wells of six seeds each of a metal plate. Oil was extracted from the 
seed by 2.76 x 105 kPa pressure with a hydraulic press. Two mL of hexane were added to each well 
of pressed seeds. After 4 to 6 h of soaking, 0.3 mL of hexane-oil mixture was extracted from each 
well. The hexane-oil mixture from the five wells of each sample was transferred to a 1.5 mL glass 
vial that had been weighed. The samples were placed under a chemical hood at ambient temperature 
for 8 to 12 h and transferred to a vacuum oven (National Appliance Company, Portland, OR) 
equipped with a model 1400 Welch Duo-Seal vacuum pump (Sargent Welch Scientific Co., Skokie, 
IL) for solvent evaporation for 2 h at ambient temperature. The weight of oil in each vial was 
determined. The samples were dissolved in HPLC-grade hexane (Fisher Scientific, Fair Lawn, NJ) to 
a total volume that was level with the vial neck, averaging 1.8109 mL of hexane-oil mixture for each 
sample. A 20 µL aliquot of each sample was injected. External standards with known quantities of a, 
y, and ~ tocopherol (Sigma-Aldrich, Inc., St. Louis, MO) as determined by spectrophotometry were 
used with each replication with the same injection volume as the analyzed samples. The results for 
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the standards were used in the calculations for quantities of individual tocopherols of the test samples, 
based on the AOCS Official Method Ce 8-89 (1993). Samples were eluted with 1 % isopropanol in 
HPLC-grade hexane (vol/vol) at a 0.3 mL min-1 flow rate using a Beckman Coulter System Gold°
126 solvent module, 508 autosampler, and 168 UV detector (Beckman Coulter Inc., Fullerton, CA) at 
a wavelength of 292 nm as specified by the ROCS Official Method Ce 8-89 (1993). The column was 
a 250 mm x 2.1 mm Alltech Solvent Miser Silica (Alltech Associates, Inc., Deerfield, IL), with Sµ 
particle size. The beta (~3) tocopherol, a minor constituent of total tocopherol, was included in the a-
tocopherol component due to insufficient separation in the analysis. The tocopherol data were 
expressed in mg kg 1. The contents of a, y, and b tocopherol also were determined as a percentage of 
total tocopherol. 
Fatty ester content of each sample was determined by gas chromatography as described by 
Hammond (1991) from a subsample of the oil used for HPLC analysis. The amount of each fatty 
ester was determined as a normalized percentage of the five major fatty esters. The percentages were 
converted to g kg 1 by multiplying by 10. 
10 
Results and Discussion 
The mean total tocopherol content of lines with 40 g kg ~ palmitate was significantly greater 
than the mean of lines with normal, 25, or 10 g kg' linolenate in all experiments (Table 1). The 
difference between the mean total tocopherol content of the normal lines and that of the reduced- 
palmitate lines was 117 mg kg"' in Experiment 1, 129 mg kg"' in Experiment 2, 167 mg kg ~ in 
Experiment 3, and 155 mg kg ~ in Experiment 4. The individual 40 g kg 1 palmitate lines each had 
significantly greater total tocopherol contents than each of the normal lines in the four experiments. 
Some 40 g kg"~ palmitate lines were lower in total tocopherol content than some lines with reduced 
linolenate and normal palmitate. 
The negative association observed between palmitate and tocopherol is consistent with the 
findings of Mounts et al. (1996), who observed a lower total tocopherol content in elevated-palmitate 
lines than in reduced-linolenate lines. These results differ from those of Dolde et al. (1999), who 
found no association between palmitate and total tocopherol content in four reduced-palmitate (33 to 
41 g kg'), three elevated-palmitate (205 to 249 g kg"'), and 18 normal-palmitate (93 to 115 g kg 1) 
lines. The apparent association between reduced palmitate and elevated tocopherol in this study may 
be due to the use of a limited number of lines. A study of a greater number of lines with a common 
genetic background and with a range of palmitate contents is necessary in order to clarify the 
relationship between tocopherol and palmitate contents. 
The line XB27U01 with reduced palmitate and 25 g kg"' linolenate had a significantly lower 
total tocopherol content than reduced-palmitate lines and a significantly greater total tocopherol 
content than the means of normal or reduced-linolenate lines in the two experiments in which it was 
included. The intermediate value suggests that reduced palmitate and reduced linolenate may have 
opposing effects on total tocopherol content. No conclusion regarding the effects of both fatty ester 
modifications can be drawn from analysis of a single line. A study of a greater number of lines with a 
common genetic background and normal fatty ester profile or 40 g kg' palmitate and 25 g kg 1 
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linolenate is necessary to determine whether the inclusion of both fatty ester modifications influences 
total tocopherol content. 
The mean total tocopherol content of the 10 g kg-1 linolenate lines was not significantly 
different than that of the normal lines in any experiment. The mean total tocopherol content of the 25 
g kg-1 linolenate lines was significantly lower than that of the normal lines in experiments 1 and 3, 
with mean differences of 54 and 46 mg kg-', respectively, but no significant difference was seen in 
experiments 2 and 4 between the mean total tocopherol content of lines with 25 g kg 1 linolenate and 
that of normal lines. 
The results indicated that it should be possible to develop cultivars with 10 or 25 g kg 1
linolenate that are comparable to normal cultivars in total tocopherol content. The absence of a 
significant difference between reduced- and normal-linolenate lines is inconsistent with the findings 
of Almonor et al. (1998) and Dolde et al. (1999), who observed a positive association between total 
tocopherol content and linolenate. One of the three reduced-linolenate lines studied by Dolde et al. 
had greater total tocopherol than three of the conventional cultivars. Sampling error due to the 
limited number of lines may account for the inconsistency between our findings and those of 
Almonar et al. and Dolde et al. Later research with a greater number of related lines showed a small 
significant reduction in the mean total tocopherol content of 10 g kg"~ linolenate lines compared with 
that of normal lines (Chapter 3). 
The mean a-tocopherol content of the reduced-palmitate lines was significantly greater than 
that of the other types in Experiments 1 and 2. In Experiment 3, the reduced-palmitate lines had the 
greatest mean a-tocopherol content of the types, but the difference between the mean of the reduced- 
palmitate lines and that of the normal and 25 g kg ~ linolenate lines was not significant. The 10 g kg 1
linolenate lines had a significantly lower mean a-tocopherol content than the normal lines in 
Experiment 3. In Experiment 4, the reduced-palmitate lines had the greatest mean a-tocopherol 
content of the types, but the difference between the mean of the reduced-palmitate lines and that of 
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the 10 g kg ' linolenate lines was not significant. There was a significant difference between the 
mean a-tocopherol content of the reduced-palmitate lines and that of the normal and 25 g kg-1
linolenate lines in Experiment 4. The a-tocopherol content of line XB27U01 was not significantly 
different from the mean a-tocopherol content of the normal lines in any of the experiments. 
The mean y-tocopherol content of the reduced-palmitate lines was significantly greater than 
the mean y-tocopherol content of the other types in Experiments 2 and 4. In Experiments 1 and 3, the 
mean ~y-tocopherol content of the reduced-palmitate lines was greater than that of any other type but 
was not significantly different from that of the line XB27U01. The mean y-tocopherol content of the 
10 g kg t linolenate lines was significantly less than that of the normal lines in Experiment 1. 
The mean b-tocopherol contents of line XB27U01, the reduced-palmitate lines, and the 10 g 
kg 1 linolenate lines were not significantly different from one another but were significantly greater 
than the mean ~-tocopherol content of the normal lines in Experiment 1. The mean ~-tocopherol 
content of the 25 g kg 1 linolenate lines was significantly less than that of the normal lines in 
Experiment 1. In Experiment 2, the mean b-tocopherol content of the normal lines was significantly 
greater than the mean ~-tocopherol contents of the other types. The mean b-tocopherol contents of 
the 10 and 25 g kg-1 linolenate lines were significantly less than the mean b-tocopherol content of the 
normal lines in Experiment 2. In Experiment 3, the mean b-tocopherol content of the reduced-
palmitate lines was significantly greater than the mean b-tocopherol contents of the normal lines. The 
mean b-tocopherol content of the 25 g kg-1 linolenate lines was significantly less than the mean b-
tocopherol contents of the normal lines in Experiment 3. No significant difference existed between 
the mean b-tocopherol contents of types in Experiment 4. 
The reduced-palmitate type consistently had the greatest mean a- and y-tocopherol contents, 
but the differences between types were not always significant. The means of individual tocopherols 
for the 10 and 25 g kg' linolenate types were not significantly greater than those of the normal lines 
13 
in any experiment. Individual tocopherols seemed to increase and decrease in proportion with one 
another among lines. 
Locations and the line-location interactions were not significant for total tocopherol in any 
experiment (Table 2). This finding indicates that a limited number of locations is required to 
accurately assess the total tocopherol content of a soybean genotype. 
Locations were significant for percentages of y and S tocopherols in the four experiments, and 
for a percentage in one experiment (Table 2). Fatty ester type did not have a consistent significant 
effect on percentage of a, y, or S tocopherol across experiments. These results are inconsistent with 
the findings of Almonor et al. (1998), who observed that y-tocopherol was less in three reduced- 
linolenate lines than in a normal line. The inconsistency may be explained partially by sampling error 
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CHAPTER 3 
TOCOPHEROL CONTENT OF SOYBEAN LINES WITH REDUCED 
LINOLENATE IN THE SEED OIL 
Abstract 
Soybean [Glycine max (L.) Merr.] oil is an important source of the tocopherols (Vitamin E) 
used as a dietary supplement and as an antioxidant in foods. Previous research studies have indicated 
that genotypes with reduced linolenate have reduced tocopherols and that the relative amounts of 
alpha and gamma tocopherol may change as linolenate content is reduced by genetic modification. 
The studies have utilized a limited number of genotypes with diverse genetic backgrounds and with 
greater linolenate content than currently available. The purpose of our study was to evaluate the 
tocopherol content of 20 lines with reduced linolenate of ti 10 g kg t and 20 lines with normal 
linolenate of ~70 g kg 1 derived from each of three single-cross populations segregating for the trait. 
The lines were grown in replicated tests at Isabela, PR, and at two locations near Ames, IA, during 
2002. The mean total tocopherol content of the lines with reduced linolenate was 6.0% less than for 
the normal-linolenate lines averaged across populations and environments. There was significant 
variation for total tocopherol among the lines of each type in each population, and some reduced-
linolenate lines were not significantly different from normal-linolenate lines for the trait. Lower total 
tocopherol in reduced-linolenate lines was due to a proportionate decrease in alpha, gamma, and delta 
tocopherol, and the mean percentages of the three tocopherols in the total tocopherol were not 
significantly different in the reduced- and normal-linolenate lines. It should be possible to develop 
cultivars with 10 g kg 1 linolenate that have an acceptable content of total tocopherol and with the 
same proportions of alpha, gamma, and delta tocopherol as conventional soybean cultivars. 
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Introduction 
The linolenate content of soybean oil has been reduced from about 70 g kg' in conventional 
cultivars to about 10 g kg"t in a cultivar that has been released in 2003 for commercial production. 
The reduction in linolenate was achieved by combining three independent mutations for reduced 
linolenate: fanl(AS), fang, and fan3 (Fehr and Hammond, 1998; Ross et al., 2000). 
Soybean oil is •a primary source of tocopherols (Vitamin E), which are important for human 
health (Stone and Papas, 2003). Previous research has indicated that soybean genotypes with reduced 
linolenate have lower total tocopherol. Almonor et al. (1998) evaluated the tocopherol content of 
one conventional cultivar with normal linolenate and one plant introduction and two breeding lines 
with 31 to 42 g kg' when grown at 27.5 °C. They reported that lower linolenate content was 
associated with lower total tocopherol, a lower percentage of gamma (y) tocopherol, and a greater 
percentage of alpha (a) tocopherol than conventional soybean oil. Dolde et al. (1999) studied 
soybean lines and cultivars with diverse genetic backgrounds that ranged in linolenate from 26 to 112 
g kg'. They indicated that linolenate content was positively correlated with total, y, and delta (S) 
tocopherol. All the previous studies used a limited number of genotypes with diverse genetic 
backgrounds. This makes it difficult to determine if the observed relationships between linolenate 
and tocopherol were associated with linolenate content or with the genetic backgrounds of the 
genotypes that were studied. The linolenate contents of the genotypes they evaluated were not as low 
as the linolenate content currently available. The objective of our study was to evaluate the 
tocopherol content of soybean lines with reduced linolenate of ~10 g kg' and normal linolenate of 
~70 g kg 1 derived from each of three populations. 
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Materials and Methods 
Three soybean populations developed by Pioneer Hi-Bred International, Inc. (Pioneer) were 
used for the study. Population (Pop) 1 was from the cross of A97-553017 with CVL 1, Pop 2 from 
the cross of A97-553010 with CVL 2, and Pop 3 from the cross of A97-553018 with CVL 3. CVL 1, 
CVL 2, and CVL 3 were high-yielding lines of maturity group III from Pioneer with normal-
linolenate content. A97-553017, A97-553010, and A97-553018 are lines of maturity group II with 10 
g kg 1 linolenate developed cooperatively by Pioneer and the soybean breeding project at Iowa State 
University. 
The F1 seeds of the three crosses were produced at Johnston, IA, during the summer of 2000. 
The F1 seeds of the populations were planted during October 2000 in the Pioneer nursery in Salinas, 
PR, and F2 seeds were harvested in bulk. The F2 seeds for each population were planted during 
January 2001 at Salinas. Several pods were harvested from each plant and threshed in bulk. The F3
seeds for each population were planted during May 2001 at the Pioneer nursery in Johnston and 
individual plants were harvested and threshed separately. A five-seed bulk from each of 693 F3 plants 
in Pop. 1, 682 plants in Pop. 2, and 653 plants in Pop. 3 was analyzed by gas chromatography as 
described by Hammond (1991). The 25 plants in each population with the highest linolenate and the 
25 with the lowest linolenate were selected for the study. 
The 50 F3-derived lines of each population were grown as separate experiments. Each 
experiment was grown as a randomized complete-block design with two replications at three 
environments during 2002. One environment was planted during January 2002 under natural day 
length conditions at the Iowa State University-University of Puerto Rico soybean nursery at Isabela, 
PR. The soil type is a Coto clay (very-fine, kaolinitic, isohyperthermic Typic Eutrustox). The single-
row plots were 0.3 m long with a 1 m spacing between rows. The seeding rate was eight seeds in a 
plot. The plants in each plot were harvested in bulk with a stationary plot thresher. Seeds harvested 
in Puerto Rico were used to plant the experiments near Ames, IA, at the Agronomy Farm and Burkey 
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Farm of Iowa State University. The soil type is a Nicollet loam (fine-loamy, mixed, superactive, 
mesic Aquic Hapludoll) at both locations. Single-row plots 0.76 m long with a row spacing of 1.02 m 
were planted with 20 seeds at each location. The plots were harvested with aself-propelled plot 
combine. 
The resources available for tocopherol analysis by high performance liquid chromatography 
(HPLC) were not adequate to obtain data from the 50 lines in each population. To reduce the number 
of lines, afive-seed bulk from each plot was analyzed for fatty ester content. The 20 lines with the 
highest and the lowest linolenate of each population were chosen for further analysis. 
The lines from each replication of an experiment were analyzed for tocopherol and fatty ester 
content in the same random order as the field plots. Thirty random seeds of each plot were used for 
analysis. Six of the 3 0 seeds were placed in each of five wells of a metal plate and subjected to 2.76 x 
105 kPa pressure with a hydraulic press. After the seeds were crushed, 2 mL of hexane were added to 
each well and allowed to soak for 6 h. A 0.3 mL sample of the hexane-oil mixture was removed 
from each well and the samples from the five wells of the same plot were pooled in a 1.5 mL glass 
vial that had been weighed. The samples were placed under a chemical hood at ambient temperature 
for 8 to 12 h and transferred to a vacuum oven (National Appliance Company, Portland, OR) 
equipped with a model 1400 Welch Duo-Seal vacuum pump (Sargent Welch Scientific Co., Skokie, 
IL) for solvent evaporation for 2 h at ambient temperature. The weight of oil in each vial was 
determined. The samples were redissolved in HPLC-grade hexane (Fisher Scientific, Fair Lawn, NJ) 
to a total volume that was level with the vial neck, averaging 1.8109 mL of hexane-oil mixture for 
each sample. A 15 or 20 µL aliquot of each sample was injected. Each replication within a 
population was analyzed using the same injection volume. External standards with known quantities 
of a, y, and ~ tocopherol (Sigma-Aldrich, Inc., St. Louis, MO) as determined by spectrophotometry 
were used with each replication with the same injection volume as the analyzed samples. The results 
for the standards were used in the calculations for quantities of individual tocopherols of the test 
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samples, based on the AOCS Official Method Ce 8-89 (1993 ). Samples were eluted with 1 
isopropanol in HPLC-grade hexane (vol/vol) at a 0.3 mL min-1 flow rate using a Beckman Coulter 
System Gold® 126 solvent module, 508 autosampler, and 168 Uv dector (Beckman Coulter Inc., 
Fullerton, CA) at a wavelength of 292 nm as specified by the ROCS Official Method Ce 8-89 (1993 ). 
The column was a 250 mm x 2.1 mm Alltech Solvent Miser Silica (Alltech Associates, Inc., 
Deerfield, IL), with 5 µ particle size. The beta (~i) tocopherol, a minor constituent of total tocopherol, 
was included in the y-tocopherol component due to insufficient separation in the analysis. The 
tocopherol data were expressed in mg kg-' . The contents of a, y, and b tocopherol also were 
determined as a percentage of total tocopherol. 
Fatty ester content of each sample was determined by gas chromatography from a subsample 
of the oil used for HPLC analysis. The amount of each fatty ester was determined as a normalized 
percentage of the five major fatty esters. The percentages were converted to g kg 1 by multiplying by 
10. 
The fatty ester and tocopherol data were analyzed as a randomized complete-block design 
with the general linear model procedure of SAS version 8.01 (SAS Institute, 2001). Environments 
and replications were considered random effects, types were considered fixed effects, and lines within 
types were considered random effects. The sums of squares for lines were partitioned into among 
reduced- and among normal-linolenate lines. The environment x type and environment x lines within 
type interactions were used to evaluate the significance of the appropriate main effects in the F-tests. 
Phenotypic correlations among traits were computed based on line means averaged across 
environments, and correlations among environments were computed based on line means for each 
environment. The correlations were computed with the correlation procedure of SAS version 8.01 
(SAS Institute, 2001). Broad-sense heritabilities on a plot and entry-mean basis were computed based 
on the appropriate variance components derived from the combined analysis of variance across 
environments, as described by Hallauer and Miranda (1981). 
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Results and Discussion 
The mean linolenate contents of the reduced-linolenate lines (1 % lines) and the normal-
linolenate lines (7% lines) were significantly different in the three populations (Table 1). There were 
significant differences among lines within each type, except for the 1 % lines in Pop. 1 (Table 1). 
Ross et al. (2000) observed similar variation among 1 %-linolenate lines in three soybean populations 
and attributed it to modifying genes that influence the trait. They indicated that within the fanl (AS), 
fang, fan3 reduced-linolenate genotype, linolenate should be considered a quantitative trait because of 
modifying genes at other loci. 
The 1 % lines had a lower total tocopherol content than the 7% lines by 5.3 % in Pop. 1, 5.6% 
in Pop. 2, and 7.1 % in Pop. 3 (Table 1). The lower total tocopherol of the 1 % lines was significant 
for every population at each of the three environments. In the combined analysis across 
environments, the difference between types was not significant in Pop. 3. In that population, the total 
tocopherol of the 1 % lines was lower by 60 mg kg-i at Isabela, 153 mg kg-1 at the Agronomy Farm, 
and 57 mg kg 1 at the Burkey Farm. This variation among the environments resulted in an 
environment x type interaction mean square that was sufficiently large to make the mean difference 
between the two types not significant. The same interaction was not significant for total tocopherol in 
the other two populations due to more consistent differences between the 1 % and 7% lines among 
environments. 
Although the 1 % lines had a lower mean total tocopherol than the 7% lines, there was overlap 
in the distributions among lines for the two types (Table 1). This overlap indicated that it should be 
possible to select 1 % lines with similar total tocopherol to some conventional cultivars. Dolde et al. 
(1999) evaluated the tocopherol content of three soybean lines with linolenate contents of <3 0 g kg ' 
and 14 conventional cultivars. One of the three reduced-linolenate lines had greater total tocopherol 
than three of the conventional cultivars. 
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The lower mean total tocopherol content of the 1 % lines than the 7% lines was consistent 
with the lower total tocopherol reported by Almonor et al. (1998) and Dolde et al. (1999) in lines with 
reduced linolenate. Although Dolde et al. (1999) observed a positive association between linolenate 
and total tocopherol for genotypes ranging from 26 g kg 1 to 11.2 g kg-1 linolenate, they did not have 
an explanation for the positive correlation between linolenate and total tocopherol obtained for their 
conventional soybean cultivars that ranged in linolenate from 67 g kg 1 to 95 g kg 1. They suggested 
that the relationship between the two traits should be further investigated using lines with similar 
genetic backgrounds. The positive association between linolenate and total tocopherol they observed 
among the conventional cultivars of diverse genetic backgrounds was not confirmed in our study with 
7% lines from the same population (Table 2). The phenotypic correlations between the two traits 
among the 20 7% lines in the three populations were all negative and not significant. The range in 
linolenate among lines in our study was less than that evaluated by Dolde et al. (1999), which may 
partially account for the difference in results of the two studies. 
Positive correlations with linolenate content existed for all individual and total tocopherol 
contents in the three populations when all lines were considered (Table 2). These correlations were 
all significant except for y tocopherol in Population 1. Within the 1 % and 7% types, significant 
correlations between tocopherol and linolenate did not exist except for ~ tocopherol in Population 3. 
These findings indicate that the minor modifying genes affecting linolenate within the 1 % or 7% type 
are not associated with changes in tocopherol contents. 
The reduction in total tocopherol of the 1 %lines was associated with a decrease in a, y, and ~ 
tocopherol (Table 1). For each of the tocopherols, the significance of the main effect of types in the 
combined analysis across environments was dependent on the significance of the environment x type 
interaction. The main effect of types was not significant whenever the interaction was significant due 
to variation in the magnitude of the differences between the two types across environments. 
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The mean percentages of a, y, and b tocopherol in the total tocopherol were not significantly 
different between the 1 % and 7% lines, which indicated that the changes in total tocopherol content 
were due to proportional changes in the three tocopherols (Table 1). The a, y, b and total tocopherol 
of the 40 lines in each population were positively correlated with each other (Table 2). Our results 
did not support the conclusion of Almonor et al. (1998) that cultivars with reduced linolenate should 
be expected to have proportionately more a tocopherol and less y tocopherol than conventional 
cultivars. Their results were based on the evaluation of only four soybean genotypes that ranged in 
linolenate from 31 g kg 1 to 82 g kg 1 when grown at 27.5 °C. In our study, there were significant 
differences among the lines within each type for the percentages of a, y, and b tocopherol in the total 
tocopherol (Table 1). By evaluating only four genotypes, Almonor et al. (1998) did not account for 
this variation and could not adequately evaluate the average changes in a, y, and b tocopherol for lines 
with different linolenate contents. 
The significant variation in tocopherol among lines within the 1 %and 7% types should make 
it possible to select for the trait in a cultivar development program (Table 1). The genotype x 
environment interactions for a, y, b and total tocopherol were only significant for a tocopherol in Pop. 
2 and total tocopherol in Pop. 3. The consistency of performance among lines in different 
environments should make it possible to limit the number of environments used for tocopherol 
evaluation. The phenotypic correlations among lines of each type between the three environments for 
a, y, b and total tocopherol were all significant (Table 3 ). The coefficients between Isabela, PR, and 
the two Iowa locations generally were as large as the correlations between the two Iowa locations. It 
should be possible to evaluate lines for tocopherol with seed produced in the subtropical environment. 
The broad-sense heritability estimates for a, y, b, and total tocopherol indicated that selection 
for the trait should be effective, particularly when lines are selected based on entry means from tests 
conducted in multiple replications, environments, or both (Table 4). Broad-sense heritabilities on an 
entry-mean basis varied between the 1 % and 7% types in some populations: 0.54 and 0.68, 
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respectively, for a-tocopherol in Pop. 2; 0.54 and 0.80 for ~-tocopherol in Pop. 1; and 0.57 and 0.75 
for total tocopherol in Pop. 3 (Table 4). Heritability differences between types within populations 
were likely due to variation between individual genotypes. 
Selection for total tocopherol in a breeding program will increase the contents of a, y, and b 
tocopherol. There should be some opportunity to select for the proportion of a, y, or b tocopherol 
among lines in a population. The range among lines in the three populations for the percentages of 
the three tocopherols in the total tocopherol was a maximum of 5.4 percentage units for a tocopherol, 
8.4 percentage units for y tocopherol, and 8.5 percentage units for b tocopherol (Table 1). The limited 
range is due to the correlations among the three traits (Table 2), which were always positive when 
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Table 4. Heritability estimates on a plot and entry-mean basis for a, y, ~, and total tocopherol 
for reduced- and normal-linolenate lines in three populations. 
Population  Plot basis  Entry-mean basis 
and Typed a y ~ Total a y ~ Total 
Population 1 
1% 0.34 0.41 0.18 0.33 0.76 0.80 0.54 0.75 
7% 0.29 0.62 0.41 0.48 0.70 0.91 0.80 0.85 
Population 2 
1 % 0.28 0.52 0.52 0.48 0.54 0.82 0.82 0.74 
7% 0.41 0.44 0.50 0.51 0.68 0.78 0.82 0.75 
Population 3 
1 % 0.54 0.41 0.3 8 0.20 0.86 0.77 0.79 0.5 7 
7% 0.60 0.44 0.50 0.35 0.88 0.83 0.84 0.75 
~' 1 % = reduced-linolenate lines, 7% = normal-linolenate lines. 
~ Based on two replications at each of three locations. 
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Palmitate reduction seems to be associated with an increase in total tocopherol. A study of 
related lines is necessary to determine whether the greater tocopherol level was due to background 
effects or to reduced palmitate. 
A small reduction in total tocopherol content was associated with reduced linolenate. It 
should be possible to develop reduced-linolenate lines with acceptable tocopherol levels. 
Heritability estimates indicate that it should be possible to select among genotypes for total 
tocopherol content, especially when selection is based on means of entries at multiple locations, 
replications or both. 
No consistent association was observed between altered fatty ester composition and 
percentages of the individual tocopherols. Individual tocopherols generally increased and decreased 
in proportion to one another among lines. The significant correlations between the amounts of 
individual tocopherols were positive. Selection for one tocopherol is likely to result in elevated 
amounts of the three tocopherols. 
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APPENDIX A 
ANALYSES OF VARIANCE AND MEANS FOR CHAPTER 2 
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For individual lines, the additive model was: 
Yi;k = µ-+ E; + R(E);; + Lk + (LE);k -+e;;k, 
where 
Yi;k =observed value of the kth line in the jt'' replication in the itl' environment, 
µ =overall mean, 
Ei =effect of the itl' environment (i = 1 to 3, 4, or 5), 
R(E)i; =the effect of the jth replication within the ith environment, 
Lk =effect of the ktl' line (k = 1 to 11 or 12), 
(LE)lk =effect of the interaction between the it" environment and the kth line, and 
e,;k =the error effect of the ktl' line on the jth replication in the itl' environment. 
Analyses of variance for the combined environments were performed using the general linear model 
(GLM) procedure of SAS version 8.01. The replication within environment effect was used to 
evaluate the environment main effect in the F-tests. The environment x line interaction was used to 
evaluate the significance of the line main effect in the F-tests. 
Table A 1. Analysis of variance and expected mean squares for each experiment. 
Sources of variation Degrees of freedom Expected mean squares 
Environments (E) e-1 
Replications/E e(r-1) 
Lines (L) 1-1 MS3
E x L (e-1) (1-1) MSZ
Error e(r-1)(1-1) MS1
62e + 162R/E + r162E
62e + 162R/E 
62e +' r62LE + re6(L) 
62e +r62LE
2 6 e 
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Table A2. Analysis of variance for individual lines in Experiment 1 at Carroll, Creston, and Dallas 














(g kg 1 oil) (g kg ' oil) 
66.84 * * 104.09 
0.37ns 3.65ns 
7832.17** 6434.41 ** 
3.11* 12.52** 
1.78 2.55 
cv ~~io> 1. s 
a tocopherol 


































CV (%) 2.7 
a tocopherol 






















* * * Significant at the 0.05 and 0.01 probability levels, respectively. 
~ ns =not significant at the 0.05 probability level. 
b tocopherol 








Table A3. Analysis of variance for individual lines in Experiment 2 at Atlantic, Creston, Essex, and 




Environments (E) 4 
Replications/E 5 
Lines (L) 11 
ExL 44 
Error 5 5 
CV (%) 
Palmitate Linolenate 



























2.1 3.4 16.5 15.4 9.4 
Sources of 
variation Df 











Total a tocopherol y tocopherol b tocopherol 
(mg kg-1 oil) (% of total) (% of total) (% of total) 
2444 8.7 8ns 72.5 6 * * 173.72 * 446.11 
58764.09** 2.53ns 18.97ns 11.35ns 
68749.33** 17.21** 94.89** 87.64** 
20029.26ns 4.3 8 * 9.42ns 7.3 Ons 
15797.63 2.49 9.91 6.13 
10.9 15.5 4.8 10.0 
* ** Significant at the 0.05 and 0.01 probability levels, respectively. 
~' ns =not significant at the 0.05 probability level. 
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Table A4. Analysis of variance for individual lines in Experiment 3 at Carroll, Creston, and Dallas 




Environments (E) 2 
Replications/E 3 














































Environments (E) 2 
ReplicationsB 3 





































* * * Significant at the 0.05 and 0.01 probability levels, respectively. 
~' ns =not significant at the 0.05 probability level. 
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Table A5. Analysis of variance for individual lines in Experiment 4 at Atlantic, Creston, and Dallas 




Environments (E) 2 
Replications/E 3 














































Environments (E) 2 
Replications/E 3 





































* * * Significant at the 0.05 and 0.01 probability levels, respectively. 
~ ns =not significant at the 0.05 probability level. 
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For means of lines with similar fatty ester composition, the additive model was: 
Yi;k = µ+ Ei + R(E)1; + Tk + (TE)~k +e~;k~ 
where 
Yl;k =observed value of the kth type in the jth replication in the ith environment, 
µ =overall mean, 
Ei =effect of the itll environment (i = 1 to 3, 4, or 5), 
R(E);; =the effect of the jth replication within the ith environment (j=1 to 2), 
Tk =effect of the kth fatty ester type (k = 1 to 4 or 5 ), 
(TE)ik =effect of the interaction between the ith environment and the ktil fatty ester type, and 
ei;k =the error effect of the kth type on the jth replication in the ith environment. 
The replication within environment effect was used to evaluate the environment main effect in the F-
tests. The environment x type interaction was used to evaluate the significance of the type main 
effect in the F-tests. 
Table A6. Analysis of variance and expected mean squares for fatty ester types in a test. 
Sources of variation Degrees of freedom Expected mean squares 
Environments (E) e-1 
Replications/E e(r-1) 
Types (T) t-1 
E x T (e-1) (t-1) 
Error e(r-1)(t-1) 
6 2e + t62~ + rt6 2E 
6 2e + t 62R/E 
MS3 62e + r62~ + reo(T) 
MS2 6 2e + r 62TE 
MS l 62e 
The analysis of type was unbalanced in three of the four trials because different numbers of 
lines were included within fatty ester types. The harmonic mean of the number of observations in 
each type was used to determine the significance of differences among the means. Variances were 
non-homogeneous among types, but were not negatively correlated with number of observations in a 
type. Type I error thresholds would have been unreliable if a negative correlation existed between the 
number of observations and their variance. 
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Table A7. Analysis of variance for types of lines in Experiment 1 at Carroll, Creston, and Dallas 
Center, IA, and Oakland, NE, in 2001. 
Mean squares 
Sources of Palmitate Linolenate a tocopherol y tocopherol b tocopherol 
variation Df (g kg 1 oil) (g kg 1 oil) (mg kg-1 oil) (mg kg-1 oil) (mg kg 1 oil) 
Environments (E) 3 43.80* * 68.84* * 1478.54ns~ 4927.07ns 14172.3 5 
Replications/E 4 0.37ns 3.65ns 703.30** 2694.85ns 81.02ns 
Types (T) 4 19443.5 5 * * 16045.21 * * 2121.65 * * 3 9316.54 * * 7206.41 
E x T 12 3.91ns 22.01 ** 150.13ns 2127.20ns 412.25ns 
Error 64 10.39 5.88 107.44 2984.02 998.32 
CV (%) 3.7 5.5 9.6 7.2 10.8 
Mean squares 
Sources of Total a tocopherol y tocopherol b tocopherol 
variation Df (mg kg-1 oil) (% of total) (% of total) (% of total) 
Environments (E) 3 183 0.14ns 10.66ns 48.3 Ons 96.31 
Replications/E 4 1259.80ns 6.64** 7.40ns 0.07ns 
Types (T) 4 83793.89** 4.91* 23.86** 30.53** 
E x T 12 3181.3 Sns 1.22ns 2.06ns 2.08ns 
Error 64 4368.99 1.38 4.11 4.39 
cv ~~io> 5.7 12.5 3.1 8.3 
* * * Significant at the 0.05 and 0.01 probability levels, respectively. 
~ ns =not significant at the 0.05 probability level. 
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Table A8. Analysis of variance for types of lines in Experiment 2 at Atlantic, Creston, Essex, and 




Environments (E) 4 
Replications/E 5 










CV (%) 4.9 
Linolenate a tocopherol 
(g kg 1 oil) (mg kg"1 oil) 
287.72** 12234.76** 
1.66ns 842.40ns 




y tocopherol b tocopherol 
(mg kg-1 oil) (mg kg-1 oil) 







Sources of Total 
variation Df (mg kg"~ oil) 


































* * * Significant at the 0.05 and 0.01 probability levels, respectively. 
ns =not significant at the 0.05 probability level. 
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Table A9. Analysis of variance for types of lines in Experiment 3 at Carroll, Creston, and Dallas 




Environments (E) 2 
Replications/E 3 




Palmitate Linolenate a tocopherol y tocopherol b tocopherol 
(g kg 1 oil) (g kg 1 oil) (mg kg-1 oil) (mg kg-1 oil) (mg kg-1 oil) 
22.97* 37.13* 1257.29ns~' 8439.61 * 20854.25** 
0.86ns 3.78ns 281.70ns 413.54ns 121.20ns 
16461.71** 13170.55** 852.24* 30327.56** 20268.33** 
8.lOns 12.40ns 140.77ns 891.13ns 303.08ns 
42.71 8.13 117.48 1640.32 328.86 
7.3 6.0 5.5 6.0 
Sources of 
variation Df 
Environments (E) 2 
Replications/E 3 





Total a tocopherol y tocopherol b tocopherol 
(mg kg-1 oil) (% of total) (% of total) (% of total) 
1545.39ns 9.63ns 82.42** 141.05** 
1442.81 ns 1.69ns 1.3 9ns 0.04ns 
92483.58** 5.23 * 42.63 * * 50.14* 
1823.87ns 0.77ns 1.3 8ns 1.19ns 
2181.76 0.82 2.74 2.43 
4.1 10.6 2.5 5.9 
* * * Significant at the 0.05 and 0.01 probability levels, respectively. 
~- ns =not significant at the 0.05 probability level. 
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Table A 10. Analysis of variance for types of lines in Experiment 4 at Atlantic, Creston, and Dallas 




Environments (E) 2 
Replications/E 3 



















































































* ** Significant at the 0.05 and 0.01 probability levels, respectively. 
~ ns =not significant at the 0.05 probability level. 
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APPENDIX B 
ANALYSES OF VARIANCE, CORRELATIONS, HERITABILITIES, 
AND MEANS FOR CHAPTER 3 
51 
For the combined analysis across environments, the additive model was: 
y ijkl = µ + Ei + R(E)ij + Tk + L(T)kl + TEik + L(T)Eikl +eijkl~ 
where 
yijkl = observed value of the lth line within the 
kill type in the jtll replication within the i~' 
enV lronment, 
µ =overall mean, 
Ei =effect of the ith environment (i = 1 to 3 ), 
R(E)ij =effect of the jtl' replication within the ith environment (j = 1 and 2), 
Tk =effect of the kill type (k = 1 and 2), 
L(T)kl =effect of the ltl' line within the ktl' type (1= 1 to 20), 
ETik =effect of the interaction between the ith environment and the kth type, 
EL(T)ik1=effect of the interaction between the ith environment and the lth line within the ktn 
type, and 
eijkl =error effect of the lth line within the kt'' type on the jtl' replication in the 
ith 
environment. 
Analyses of variance for the combined environments were performed using the general linear model 
(GLM) procedure of SAS version 8.01. The sums of squares for lines were partitioned into among 
reduced- and among normal-linolenate lines. The environment x type and environment x lines within 
type interactions were used to evaluate the significance of the appropriate main effects in the F-tests. 
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Table B 1. Analysis of variance and expected mean squares for combined environments. 





1 %-linolenate lines (1 %) 
7%-linolenate lines (7%) 
ExT 
ExL/T 
E x 1% 
E x 7% 
Error 










Expected mean squares 
6 2e + 162 + gr62E
6 2e + 162R/E 
62e + r6z~+ re6(T) 
6 2e + r 62(L/T)E + re62(L/T) 
6 2e + r 62(1%/T)E + re62(1%/T) 
6 2e + r6 2(7%/T)E + re62(7%/T) 
6 2e + r 62TE 
6 2e + r6 2(L/T)E 




















































































































~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
p~ to ~ ~ M l~ ~ [~ M d' 
~ ~ 00 V> N ~ M O~ t~ 00 
N O t~ ~ O~ O~ M N M r-+ 
~ ~ 
N 
~ N ~ ~ ~ ~ ~ ~ 
~ 
~? 
~j p~ 00 `O O~ M N N N ~--+ 
00 00 M 
~ ~ ~ ~ N ~ ~ ~ M N ~ 
M V~ 






























# ~E ~ ~ 
~ ~ ~ ~ ~ 
~ ~ ~ r--+ ~ 
\O M M M N 
~ ~ 01 M ~ 
~ ~ ~ ~ .~-+ 
O~ ~--+ ~O ~O N 































































~ ~ ~ ~ ~ ~ ~ 
N O M ~ ~ O~ N l~ 
~ N ~ ~ O ~ M d' 
t~ M N ~ O O O~ O~ 
t~ ~ O to r--+ .--i 
r-+ N 
~ ~ ~ ~ ~ ~ ~ 
O t~ ~ `O ~ M r---~ 
O\ ~ ~ [~ N o0 t~ 
~ 00 M ~ O\ 00 O\ 
~ d - 00 \O to O\ r--a 
~' d' M ~--~ M N d' 

















































































`o ~n oo ~ ~+ o v> oo ~+ ~n ~n 
O N ~-+ M N ~ ~ M ~ `O O~ `O 
~ N CO ~ N O \O ~ N N t~ `O 
M ~ ~ `O N N r-+ 
,-~ r--+ ~ 
O 
N 
M l~ ~ r--a 00 ~ ~ O `O ~ M 
N O `O ct ~ N O~ 00 N M t~ c'r? 
O l~ V~ M M M r-+ `O ~ 00 ~ M 
N M ~ to ~ ~ ~ N ~ O~ O 
t~ O~ M O M l~ \O to ~ M M 



















~ ~ ~ 
~ ~ ~ 
~ ~ N 
oMo ono ~ 
00 00 00 





* ~ ~ 
~ ~ ~ 
~ ~ O ~ 
~ N o0 ~ 
t~ 00 `O M 
~F ~F V1 ~ ~ ~ ~E- 9F ~E 
~ ~ M ~ 04 O ~n `O N O~ N 
~--~ M 00 r-+ 00 d' `O N M ~--+ t~ 00 
O l~ t~ 04 ~ O to O O O d' d' 
O N 00 ~ ~ ~ r-, r--, ~ ~ 
r--~ ~ ~ 
`O 
M l~ l~ ~ ~ N O t~ ~ 00 M 
l~ `O `O N M l--~ N M ~ ~ ~ O 
O O O t~ `O o0 00 ~ d - `O d - N 










































































































































~ ~ ~ ~ ~ ~ ~ ~ 
~ M O 04 ~' ~+ ~' M N M O 
`G M O r-+ ~ O~ 00 N ~ M ~ ~ 
r--{ 00 O M ~ ~ ~ M M M N ~ 








 ~E v~ ~E ~ ~ ~3F v1 v~ v~ 
~ ~ aF ~ -~ ~ ~ ~ ~ 
00 ~ ~ O O ~ M M N ~ 
N M `O M O O 00 r-+ ~ O `O 
M 00 ~ N ~ N N M N N N 
00 04 r-+ N ~ 
~ ~ ~, # ~E ~E ~F ~ ~-~ ~ 





M M ~' `O 















0~0 O~ ~ ~ N ~ M ~ r--~ 




~' ~ M 
r-+ N 
~ ~ 
~ ~ ~ 
04 d' ~ 
`O M `O 
M 00 O~ 
00 ~ N 







































~ ~ ~ ~ ~ 
t~ `O 00 N M M 
~--+ N O~ ~o M o0 
~ N C4 M d" ~ 
O 
M 
~ O ~ ~ 
~ .-~ 
00 
9E- ~ ~ ~ v1 v~ 
~ ~ ~ ~ ~ ~ ~ 
O~ ~ N M ~ O~ ~-~+ O M 
~ ~ \O M ~ O\ r—+ ~ ~ 
~ M r--a ~ `O 00 cfi ~ 
M N ~ N N N N ~ 









~ ~ ~ ~ ~ 
N O ~ N ~ O~ 
.--+ N r--+ ~ to 





























































































~ ~ ~ ~ ~ ~ 
~--+ M N ~ O 
0~0 0~0 0~0 00 00 ~t N O ~ 
~ ~t `O N ~ N r--+ O ~ 
M \O ~ r--+ r--a 
~ ~ ~ # 
~E ~ ~3E ~ 
O O ~ ~ 
~ ~' 04 ~ 
O~ d' l~ l~ 
~ to O\ l~ 
~ M 04 ~ 













~ ~ ~ ~ ~ ~ ~ 
00 O~ M 00 N O\ ~ N ~ .-~ O~ ~ ct N M O 
~ N O~ N ~ M dam' ~ 
to O~ O `O oo ~ O~ ~ 





 ~F -3E ~ 
00 O ~ M 
O M O 00 
00 M M ~ 
M M d' N 
~ ~ ~ ~ 
1 
N l~ t~ 00 ~ ~ O O O 00 
~ O M o0 00 Q~ r-+ N O O~ 
O~ O~ ~' ~--+ \O O O~ r-+ t~ ct' 







~' l~ .-~ M ~ \O 00 00 ~--+ ~ 01 
00 M ~ 01 .-~ ~ 00 O 00 M ~ ~ 
O `O `O N O\ \O O ~ ~ ~ ~ N 
































































O . ,-~ 
,-~ 
N 

















































~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
M ~ In ~' r--+ 00 M t~ 00 ~ `O 
M O~ t~ t~ M ~ ~ N t~ l~ O 
M ~ N N O~ `O M N ~--+ N N 
~ ~n N ~ N 
~ O ~ M ~ N ~--+ d' ~ 
00 O M N d' O O~ O~ ~ r--a 
N ~ ~ 00 ~ O~ ~ N N M 
r-+ ~--+ N N N N 
~ ~ 
00 
~ ~ ~ ~ ~ ~ ~ ~ 
d' ~--+ N ~ ~ O ~ 00 M ~ O 
M O~ 00 N ~ ~ 00 ~ O O\ ~ 

















































~ ~E ~ 
# ~ ~ ~ 
N O ~- ~ 
N o0 \O N 
to r--~ 00 M 
















d' M 00 
~--+ ~ N 
t~ ~ \O 
\p M 
M M 
~ ~ ~ ~ ~ ~ ~ 
00 ~ 00 O~ `O ~ ~O O~ 
M O ~ `D d' l~ ~--+ v~ 
M ct' N N ~ ~ d' M 
O~ O~ O~ M .-~ O N d' 
O~ N \O O O o4 N O~ 
r-+ 
M 
~ ~ ~ ~ ~ ~ ~ 
d' ~ M r-+ a1 ~ N `O 
to o0 N ~ M O\ oo `O N 
O d' `O v~ ~ O ~ M ~ 
d' O l~ O ~ ~ ~ O M 
O ~ d' M ~ N `O o0 
~ ~E -3F ~E- ~E- ~, ~E 
~ O ~ ~ ~ N ~ N 
00 O ~ 00 M N M 01 
O ~ N `O N N N r--+ 
N ~ N ~O r--, 
01 O\ 00 00 
r--~ 04 ~ ''~ N \p M M ~ 












































































~n `o ~ ~n 
Q1 V> M O 
d- ~ 00 ~ 
~ ~ ~ 
~ `O ~ N 
M `O 01 O~ 
~ oo O~ ~ 
O O O~ ~ 







O 00 M 
N M O~ 
O [~ O~ 
`O `O 
~ ~ 






~ ~ ~ 
,-~ ~ ~ 0~0 
~ M ~' ~ 
























~ ~ ~ ~ ~ ~ ~ ~ 
l~ ~ O O\ O~ O~ N o0 ~ O l~ O 
`O O\ 00 00 M M 00 ~ O~ N M '~ 
04 ~ ~' N M N ~ ~ ~ r-+ 
~ ~ 
M \O O\ ~ M ~--~ 00 r--+ ~ 00 ~ 
~ 01 ~ O ~ `O O ~ M `O O ~ 
`G O M M d' ,-~ N N N N ~ M 
~ N ,--, r--~ ~ 
O~ O~ 00 00 
N M ~--+ 04 r--a 
,-~ N `p M M ~ 





















































= observed value of the kth line within the jth type in the itl' replication, 
= overall mean, 
= effect of the ith replication (i = 1 and 2) 
= effect of the jth type (j = 1 and 2), 
= effect of the kt'' line within the jth type (k = 1 to 20), and 
= error effect of the ijkth observation. 
Analyses of variance were performed with the general linear model (GLM) procedure of SAS version 
8.1. The sums of squares for lines were partitioned into among reduced- and among normal- 
linolenate lines. The error term (e,~k) was used to evaluate the significance of replications, types, and 
lines within types. 
Table B5. Analysis of variance and expected mean squares for an individual environment. 
Sources of variation Degrees of freedom 
Replications r-1 
Types (T) t-1 
Lines/T t(1-1) 
1%-linolenate lines 1%-1 







Expected mean squares 
6 2e + 162R
6 2e + r6(T) 
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Table B20. Heritability estimates on a plot basis for tocopherol and fatty ester content of 20 1 %-
linolenate, 20 7%-linolenate, and all lines for three populations. 
Tocopherol  Fatty esters ~ 
Pop. Typed a y b Total a y b  16:0 18:0 18:1 18:2 18:3 
 m k -1 oil  ---% total toco. ---  g kg-1 oil g g 
1 1% 0.34 0.41 0.18 0.33 0.34 0.27 0.20 0.86 0.44 0.59 0.66 0.00 
7% 0.29 0.62 0.40 0.48 0.38 0.39 0.25 0.75 0.47 0.50 0.61 0.64 
All 0.32 0.54 0.30 0.42 0.36 0.33 0.23 0.82 0.46 0.55 0.64 0.53 
2 1 % 0.28 0.52 0.52 0.48 0.04 0.55 0.39 0.61 0.56 0.57 0.60 0.04 
7% 0.41 0.44 0.50 0.51 0.11 0.32 0.32 0.79 0.58 0.48 0.53 0.47 
All 0.35 0.48 0.51 0.49 0.08 0.47 0.36 .0.72 0.57 0.53 0.57 0.33 
3 1 % 0.54 0.41 0.3 8 0.20 0.66 0.66 0.59 0.70 0.17 0.28 0.3 6 0.15 
7% 0.60 0.44 0.50 0.35 0.68 0.65 0.62 0.72 0.20 0.29 0.24 0.30 
All 0.57 0.43 0.46 0.28 0.67 0.65 0.61 0.71 0.18 0.28 0.31 0.27 
~ 1 % = 1 %-linolenate lines, 7% = 7%-linolenate lines, All =all lines. 
~ 16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 
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Table B21. Heritability estimates on an entry-mean basis for tests in two replications at each of 
three environments for tocopherol and fatty ester content of 20 1 %-linolenate, 20 
7%-linolenate, and all lines for three populations. 
Tocopherol  Fatty esters ~' 
Pop. Typed a Y ~ Total a 7 b 16:0 18:0 18:1 18:2 18:3 
 mg kg-1 oil  ---% total toco. ---  g kg-1 oil 
1 1% 0.76 0.80 0.54 0.75 0.75 0.64 0.55 0.97 0.78 0.86 0.90 0.01 
7% 0.70 0.91 0.80 0.85 0.78 0.76 0.60 0.94 0.80 0.82 0.89 0.89 
All 0.74 0.87 0.72 0.81 0.77 0.71 0.58 0.96 0.79 0.85 0.90 0.87 
2 1% 0.54 0.82 0.82 0.74 0.21 0.86 0.78 0.89 0.84 0.88 0.88 0.19 
7% 0.68 0.77 0.82 0.75 0.43 0.72 0.72 0.95 0.88 0.81 0.85 0.83 
All 0.62 0.80 0.82 0.74 0.34 0.82 0.75 0.93 0.86 0.85 0.87 0.74 
3 1% 0.86 0.77 0.79 0.57 0.91 0.90 0.89 0.91 0.42 0.58 0.67 0.51 
7% 0.88 0.83 0.84 0.75 0.92 0.89 0.89 0.92 0.50 0.60 0.53 0.63 
All 0.87 0.81 0.83 0.68 0.91 0.90 0.90 0.91 0.45 0.59 0.62 0.62 
~ 1 % = 1 %-linolenate lines, 7% = 7%-linolenate lines, All =all lines. 
~ 16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 
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Table B22. Mean tocopherol and fatty ester content of all entries for Population 1 grown at Isabela, 
PR, the Agronomy Farm near Ames, IA, and the Burkey Farm near Ames, IA, in 2002. 
Tocopherol  Fatty esters ~ 
Entry a Y ~ Total a Y ~  16:0 18:0 18:1 18:2 18:3 
 m~ k~-1 oil   %total tocopherol----  ~ k~~l oil 
1 162 724 405 1291 12.3 56.7 31.0 114 49 303 521 13 
2 130 658 403 1191 10.4 56.0 33.6 110 53 290 534 13 
3 138 691 421 1250 10.7 55.8 33.5 111 43 285 546 14 
4 138 759 442 1339 9.9 57.5 32.6 110 48 283 545 14 
5 143 690 404 1237 11.1 56.8 32.1 108 48 304 527 13 
6 195 769 455 1419 13.3 55.1 31.6 88 43 269 586 13 
7 156 695 396 1247 12.2 56.3 31.5 102 53 3 83 447 14 
8 155 681 394 1230 12.2 56.4 31.3 103 50 344 489 14 
9 169 748 415 1331 12.2 57.1 30.7 105 44 263 574 13 
10 146 659 417 1222 11.5 54.9 33.6 108 45 274 560 14 
11 132 710 412 1254 10.2 57.3 32.6 109 45 274 558 14 
12 159 675 405 123 8 12.4 5 5.1 32.5 107 46 316 519 13 
13 153 688 406 1247 11.8 55.9 32.3 105 46 350 487 13 
14 170 707 439 1316 12.5 54.6 32.9 104 49 336 498 13 
15 165 707 441 1313 12.0 54.6 33.4 103 46 335 503 13 
16 160 687 443 1289 11.9 54.0 34.1 101 49 326 511 14 
17 152 691 391 1234 11.8 57.1 31.1 106 46 305 529 15 
18 153 695 409 1258 11.7 56.2 32.2 110 48 286 543 13 
19 175 685 420 1279 13.1 54.3 32.6 106 48 313 517 15 
20 147 718 454 1318 10.8 55.0 34.2 108 45 303 531 14 
21 166 729 471 1366 11.6 54.2 34.2 107 47 315 467 65 
22 170 762 443 1375 11.9 56.2 31.9 104 41 240 537 78 
23 176 641 3 86 1203 14.1 54.4 31.5 108 42 245 529 75 
24 203 716 463 1382 14.1 52.4 33.5 106 45 287 493 69 
25 195 737 437 1370 13.7 54.5 31.8 102 43 240 539 76 
26 186 715 442 1343 13.4 54.0 32.7 103 42 255 527 73 
27 183 758 414 1355 13.0 56.8 30.3 108 45 263 513 71 
28 199 763 417 1379 13.9 56.3 29.9 109 47 263 511 70 
29 170 721 464 1356 12.1 53.8 34.1 107 42 246 530 75 
30 179 778 448 1405 12.3 56.2 31.5 98 42 252 533 75 
31 205 749 455 1409 14.0 54.0 32.1 105 45 255 522 73 
32 171 643 392 1206 13.7 54.3 32.0 108 43 248 526 75 
33 178 760 448 1387 12.4 55.3 32.2 101 40 228 554 78 
34 167 742 445 1354 11.8 55.7 32.6 104 40 220 557 79 
35 177 634 405 1215 13.9 53.1 33.0 111 45 242 528 74 
3 6 215 724 474 1412 14.5 52.2 3 3.3 104 49 319 463 66 
37 198 745 433 1376 13.6 55.2 31.1 109 50 281 495 65 
38 182 739 466 1387 12.7 53.8 33.5 98 41 252 535 74 
39 166 747 487 1400 11.3 54.2 34.5 113 47 267 507 66 
40 161 712 413 1286 12.2 55.8 32.0 99 41 249 536 75 
CV (%) 11.4 4.3 7.1 4.9 8.8 2.3 4.2 2.0 4.8 6.8 3.3 6.6 
SE 7.7 12.9 13.0 25.2 0.5 0.6 0.7 0.9 1.3 11.2 9.4 1.1 
LSDo.os 21.8 3 6.4 3 6.5 70.9 1.3 1.8 2.1 2. % 3 . % 31.5 26.4 3.1 
LSDo.oi 28.9 48.3 48.5 94.0 1.7 2.4 2.8 3.5 4.9 41.8 3 5.0 4.1 
~ 16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 
~ Entries 1 - 20 = 1 %-linolenate lines, 21 - 40 = 7%-linolenate lines. 
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Table B23. Mean tocopherol and fatty ester content of all entries for Population 2 grown at Isabela, 
PR, the Agronomy Farm near Ames, IA, and the Burkey Farm near Ames, IA, in 2002. 
Tocopherol  Fatty esters ~ 
Entry a Y b Total a Y b  16:0 18:0 18:1 18:2 18:3 
 m~ k~-1 oil   %total tocopherol   ~ k~-' oil 
1 175 679 429 1283 13.2 53.8 33.0 114 39 326 506 14 
2 150 688 383 1221 12.0 56.9 31.1 113 46 326 501 15 
3 146 696 383 1225 11.5 57.8 30.7 115 44 263 565 13 
4 155 709 432 1297 11.5 55.7 32.7 111 49 326 500 13 
5 128 714 372 1215 10.2 59.3 30.5 112 48 297 530 13 
6 123 613 363 1099 10.9 56.5 32.6 104 48 386 450 13 
7 146 724 406 1275 11.0 57.8 31.2 115 48 254 568 14 
8 165 649 438 1253 12.8 52.5 34.7 113 50 304 520 13 
9 160 642 396 1198 13.1 54.1 32.8 104 51 354 477 13 
10 160 651 412 1223 12.5 54.2 33.2 106 48 352 480 13 
11 161 750 397 1309 11.8 58.0 30.2 110 47 308 522 13 
12 141 686 374 1202 11.5 57.7 30.8 111 49 310 513 16 
13 160 698 449 1307 11.9 53.9 34.2 110 48 314 515 13 
14 169 734 417 1320 12.4 56.4 31.2 114 38 280 554 13 
15 145 660 398 1204 11.7 55.6 32.7 109 48 294 535 13 
16 147 723 398 1268 11.2 57.4 31.3 106 44 288 549 13 
17 144 724 461 1328 10.3 55.2 34.4 110 48 289 540 13 
18 167 684 447 1299 12.5 53.3 34.2 107 50 316 511 15 
19 148 672 352 1173 12.1 58.2 29.7 112 51 317 507 13 
20 150 680 371 1202 12.1 57.5 30.5 114 48 282 543 13 
21 164 692 418 1273 12.4 55.0 32.6 121 41 242 525 72 
22 168 697 425 1290 12.4 54.9 32.7 114 52 223 536 75 
23 165 722 474 1362 11.6 53.9 34.5 107 42 273 509 69 
24 181 752 409 1342 13.0 56.8 30.2 107 42 289 495 67 
25 192 732 463 1386 13.3 53.7 33.0 116 43 233 544 65 
26 230 715 424 1369 16.2 53.3 30.6 114 41 265 508 73 
27 188 726 409 1323 13.6 55.8 30.6 104 41 224 554 77 
28 168 744 440 1352 11.8 55.8 32.4 113 41 251 526 69 
29 188 695 405 1288 14.2 54.6 31.2 113 46 319 457 65 
30 167 667 402 1236 12.9 54.8 32.3 104 41 240 542 73 
31 156 710 468 1334 11.0 54.7 34.3 104 41 323 464 67 
32 188 684 466 1338 13.3 51.9 34.7 114 46 266 508 67 
33 164 709 412 1285 12.2 55.9 31.8 107 45 275 504 69 
34 199 686 392 1277 15.0 54.5 30.5 110 43 284 497 66 
3 5 176 677 3 85 123 8 13.6 5 5.4 31.0 113 49 274 497 68 
36 193 699 448 1340 13.7 53.1 33.2 113 41 298 480 68 
3 7 167 693 392 1252 12.9 5 5.8 31.3 118 45 276 490 71 
38 168 765 465 1398 11.5 55.5 33.0 116 45 272 499 68 
39 182 714 397 1292 13.6 55.8 30.6 108 47 296 480 69 
40 183 783 440 1406 12.4 56.5 31.1 112 42 238 537 71 
CV (%) 13.4 4.3 8.1 5.1 10.9 2.6 5.1 2.1 4.9 8.2 4.0 7.6 
SE 9.2 14.5 12.8 28.0 0.5 0.7 0.7 1.1 1.2 11.8 10.3 1.1 
LSDo.os 26.1 40.9 3 6.0 79.0 1.4 1.9 2.1 3.1 3.5 3 3.3 29.1 3.0 
LSDo.oi 34.6 54.3 47.7 104.7 1.9 2.6 2.7 4.1 4.6 44.2 38.5 4.0 
~ 16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 
~ Entries 1 - 20 = 1 %-linolenate lines, 21 - 40 = 7%-linolenate lines. 
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Table B24. Mean tocopherol and fatty ester content of all entries for Population 3 grown at Isabela, 
PR, the Agronomy Farm near Ames, IA, and the Burkey Farm near Ames, IA, in 2002. 
Tocopherol  Fatty esters ~ 
Entry a y b Total a Y ~  16:0 18:0 18:1 18:2 18:3 
 m~ k~~l oil   %total tocopherol   ~ k~-1 oil 
1 124 686 322 1133 10.9 60.8 28.3 100 51 341 493 16 
2 95 657 341 1093 8.7 60.4 31.0 103 53 313 519 13 
3 81 721 350 1152 6.9 62.9 30.1 103 52 324 508 14 
4 87 746 351 1184 7.4 63.1 29.5 102 53 319 512 13 
5 106 753 337 1196 8.6 63.6 27.8 111 50 302 524 13 
6 137 719 317 1172 11.5 61.7 26.8 109 49 305 523 14 
7 123 698 338 1159 10.6 60.2 . 29.1 106 46 233 600 15 
8 123 661 3 65 1149 10.6 57.8 31.6 106 48 25 5 578 14 
9 94 770 347 1211 7.7 63.9 28.5 111 48 266 563 13 
10 126 680 3 69 1175 10.6 5 8.3 31.1 104 49 254 5 81 12 
11 102 670 314 1086 9.3 61.9 28.8 116 46 244 580 14 
12 113 704 363 1179 9.5 59.8 30.7 106 48 260 574 13 
13 123 727 361 1211 10.2 60.0 29.8 101 53 326 506 14 
14 123 712 371 1206 10.2 59.2 30.7 102 51 296 538 13 
15 114 669 432 1214 9.2 55.5 35.3 96 47 302 542 12 
16 124 701 3 67 1191 10.2 59.4 3 0.4 109 46 278 S 51 16 
17 137 724 383 1244 10.9 58.5 30.6 99 50 299 537 15 
18 137 700 350 1186 11.4 59.4 29.2 102 52 292 542 13 
19 126 723 335 1184 10.6 61.2 28.2 103 51 325 502 19 
20 138 713 378 1228 11.1 58.5 30.4 104 51 329 501 15 
21 148 751 444 1343 10.7 56.5 32.8 101 43 356 435 65 
22 151 741 359 1252 11.9 59.5 28.6 107 46 265 509 73 
23 151 750 393 1294 11.4 58.6 30.1 109 46 252 518 75 
24 167 754 381 1301 12.6 58.3 29.1 107 47 268 506 73 
25 149 733 365 1247 11.8 59.2 29.0 108 46 263 508 74 
26 98 694 375 1167 8.3 59.6 32.0 118 48 233 530 72 
27 91 745 390 1226 7.2 61.3 31.5 111 47 240 529 74 
28 123 708 458 1289 9.3 55.3 35.3 97 44 342 453 64 
29 111 756 345 1212 8.9 63.0 28.1 101 49 277 504 71 
30 126 785 3 81 1292 9.5 61.5 29.1 110 48 23 5 529 77 
31 146 704 432 1283 10.9 55.8 33.3 99 44 285 500 73 
32 150 739 390 1279 11.6 58.1 30.3 105 47 296 484 68 
33 130 731 468 1329 9.5 55.6 34.8 104 44 309 475 67 
34 109 794 376 1279 8.2 62.8 29.0 108 49 281 493 69 
3 5 131 699 3 90 1220 10.3 5 8.2 31.4 112 46 248 521 73 
36 133 711 371 1215 10.7 59.1 30.2 110 43 261 511 75 
37 146 776 451 1373 10.4 57.1 32.5 105 46 305 477 67 
38 139 737 356 1233 11.0 60.4 28.6 112 50 252 519 68 
39 138 753 399 1290 10.3 59.1 30.6 106 45 249 524 76 
40 123 738 380 1241 9.8 59.8 30.4 107 44 261 514 74 
CV (%) 10.7 3.9 8.2 4.7 8.3 2.1 4.7 2.1 4.1 8.2 4.0 7.0 
SE 6.6 12.7 13.0 25.6 0.4 0.7 0.6 1.4 1.6 20.9 17.9 1.8 
LSDo.os 18.7 35.8 36.6 72.3 1.1 2.0 1.7 4.1 4.6 59.0 50.4 5.0 
LSDo.oi 24.7 47.5 48.6 95.8 1.5 2.6 2.3 5.4 6.1 78.3 66.9 6.6 
~ 16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 
~ Entries 1 - 20 = 1 %-linolenate lines, 21 - 40 = 7%-linolenate lines. 
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Entry a Y ~ 
 m~ k~ 1 oil 
Table B25 . Mean tocopherol and fatty ester content of 20 1 %-and 20 7%-linolenate lines in Population 
1 grown at Isabela, PR, in 2002. 
Tocopherol  Fatty esters ~ 
16:0 18:0 18:1 18:2 18:3 
 ~ k~-' oil 
38 353 481 
38 346 495 
36 336 505 
38 327 510 
36 366 478 
36 296 566 
37 482 367 
37 432 415 
36 281 562 
35 306 537 
36 326 517 
34 392 454 
34 435 414 
39 428 419 
34 411 441 
35 421 431 
34 383 465 
37 349 492 
35 379 468 
35 369 477 
37 351 440 
33 231 544 
36 259 519 
35 338 455 
36 241 541 
34 254 529 
37 304 484 
37 281 499 
37 244 528 
33 259 530 
38 273 510 
35 275 507 
34 226 555 
34 218 557 
37 253 520 
36 388 410 
37 305 482 
33 256 533 
3 7 291 493 
33 242 542 
3.9 9.6 5.5 
1.0 21.9 19.2 
2.8 62.% 55.1 
3.8 83.9 73.7 
1 124 773 283 
2 85 657 317 
3 96 723 320 
4 97 765 312 
5 101 713 264 
6 140 765 312 
7 135 714 290 
8 115 670 258 
9 113 780 281 
10 98 661 282 
11 105 746 300 
12 129 679 289 
13 104 700 287 
14 125 691 321 
15 113 700 323 
16 97 705 353 
17 112 688 266 
18 105 705 267 
19 113 693 313 
20 108 726 350 
21 102 770 343 
22 135 836 291 
23 133 671 235 
24 137 754 367 
25 144 811 317 
26 150 767 308 
27 128 815 294 
28 144 811 280 
29 122 788 334 
30 132 849 307 
31 147 785 339 
32 137 681 241 
33 141 819 341 
34 124 792 303 
35 123 700 269 
36 138 725 351 
37 119 771 304 
38 141 811 352 
39 101 794 352 
40 127 798 303 
CV % 11.4 4.3 7.9 
SEM 9.7 22.8 17.1 
LSDo.os 27.9 65.4 49.0 
LSDo.ol 37.3 87.5 65.6 
Total a Y ~ 
  total tocopherol 
1179 10.5 65.5 
1059 8.1 62.0 
1138 8.4 63.5 
1173 8.2 65.2 
1078 9.4 66.2 
1217 11.5 62.9 
1139 11.8 62.7 
1043 11.2 64.2 
1173 9.6 66.5 
1041 9.4 63.6 
1151 9.2 64.8 
1097 11.7 61.9 
1091 9.5 64.2 
1137 11.0 60.8 
1135 10.0 61.6 
1155 8.4 61.1 
1066 10.5 64.5 
1077 9.7 65.5 
1119 10.1 61.9 
1184 9.2 61.3 
1215 8.4 63.4 
1263 10.7 66.2 
1039 12.8 64.8 
1258 10.9 59.9 
1272 11.3 63.7 
1225 12.3 62.6 
123 6 10.3 65.9 
1235 11.7 65.6 
1244 9.8 63.4 
1289 10.3 65.9 
1271 11.6 61.7 
1059 13.0 64.3 
1301 10.8 62.9 
1219 10.2 65.0 
1092 11.3 64.1 
1215 11.4 59.7 
1195 10.0 64.6 
13 04 10.9 62.2 
1248 8.1 63.6 
1227 10.4 65.0 
4.2 11.8 2.1 
34.6 0.9 0.9 
99.0 2.5 2.7 






































































































































16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 
Entries 1 - 20 = 1 %-linolenate lines, 21 - 40 = 7%-linolenate lines. 
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Table B26. Mean tocopherol and fatty ester content of 20 1 %- and 20 7%-linolenate lines in Population 
1 grown at the Agronomy Farm near Ames, IA, in 2002. 
Tocopherol  Fatty esters ~ 
Entry a Y b Total a Y b  16:0 18:0 18:1 18:2 18:3 
 m~ k~-1 oil   %total tocopherol   ~ k~-1 oil 
1 155 646 439 1239 12.2 52.5 35.3 115 56 284 533 12 
2 125 648 435 1208 9.4 54.4 36.2 112 63 267 544 13 
3 128 654 488 1270 9.5 52.0 38.5 111 50 265 559 15 
4 136 756 501 1393 9.0 54.8 36.1 109 55 264 558 13 
5 139 677 470 1286 9.8 53.3 36.9 107 56 280 544 12 
6 188 754 516 145 8 12.1 52.4 3 5.5 89 48 261 5 89 13 
7 162 686 482 1330 11.3 52.4 36.3 103 60 350 473 14 
8 147 625 437 1209 11.4 52.4 36.1 104 57 310 515 13 
9 167 708 466 1341 11.6 53.5 34.9 104 51 260 572 13 
10 132 612 459 1203 10.3 51.5 3 8.2 107 52 269 561 12 
11 117 644 450 1211 8.9 53.8 37.2 111 50 255 571 12 
12 139 645 478 1262 10.1 51.8 38.1 106 54 285 544 12 
13 140 655 486 1282 10.3 51.5 38.2 107 51 309 521 12 
14 156 669 464 1288 11.5 52.7 35.8 106 57 296 529 13 
15 159 678 487 1324 11.1 51.9 37.0 103 54 317 513 13 
16 159 639 455 1254 12.1 51.5 36.3 102 59 287 538 14 
17 142 674 435 1250 10.5 55.0 34.5 109 53 268 555 15 
18 135 654 468 1256 10.0 52.6 37.5 111 54 258 565 13 
19 181 660 475 1315 12.8 50.9 36.3 108 57 293 525 17 
20 132 669 487 1289 9.7 52.5 37.8 109 54 279 543 15 
21 154 657 527 1338 10.8 49.7 39.5 106 54 312 463 65 
22 153 705 505 1363 10.4 52.4 37.2 101 48 255 524 72 
23 156 601 471 1228 11.6 49.9 38.5 107 48 241 530 75 
24 210 686 544 1440 13.4 48.3 38.3 106 53 272 502 67 
25 174 678 477 1328 12.2 51.7 36.1 100 49 245 532 74 
26 162 652 500 1315 11.4 50.3 38.3 101 46 258 522 72 
27 158 675 449 1282 11.5 53.6 34.9 107 50 248 521 73 
28 170 720 480 13 71 11.5 53.5 3 5.0 106 51 260 513 70 
29 153 648 518 1320 10.9 49.5 39.6 104 48 252 523 74 
30 164 699 492 1355 11.2 52.5 36.3 97 50 254 527 73 
31 189 707 485 1380 12.7 52.1 35.2 104 50 257 517 72 
32 151 609 466 1226 11.3 50.3 38.4 108 49 237 530 77 
33 169 705 522 1396 11.1 51.3 37.6 101 44 233 544 78 
34 154 673 489 1316 10.6 52.0 37.4 101 44 226 553 76 
35 160 575 461 1196 12.4 48.7 38.9 110 50 238 530 71 
3 6 199 690 512 1402 13.2 49.9 3 6.9 105 5 6 294 479 67 
37 195 709 487 1391 12.7 51.9 35.5 109 57 274 496 65 
38 159 682 496 1336 11.1 51.5 37.3 96 47 260 526 70 
39 154 679 545 1377 10.3 50.0 39.8 114 53 256 511 67 
40 150 646 479 1275 10.9 51.4 37.7 95 49 267 519 70 
CV% 14.0 3.9 4.0 3.6 10.6 2.2 3.5 1.8 4.4 3.0 1.8 4.6 
SEM 15.5 18.7 13.5 33.3 0.8 0.8 0.9 1.4 1.6 5.8 6.6 1.4 
LSDo.os 44.3 53.4 3 8.7 95.3 2.4 2.3 2.7 3.9 4. % 16.6 18.9 3.9 
LSDo.ol 59.3 71.5 51.9 127.5 3.2 3.1 3.6 5.2 6.3 22.3 25.3 5.2 
~ 16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 
~ Entries 1 - 20 = 1 %-linolenate lines, 21 - 40 = 7%-linolenate lines. 
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Table B27. Mean tocopherol and fatty ester content of 20 1 %- and 20 7%-linolenate lines in Population 
1 grown at the Burkey Farm near Ames, IA, in 2002. 
Tocopherol  Fatty esters ~ 
Entry a Y b Total a y ~  16:0 18:0 18:1 18:2 18:3 
 m~ k~-1 oil   %total tocopherol   ~ k~ 1 oil 
1453 14.2 52.0 33.7 114 53 271 550 13 
1307 13.7 51.7 34.7 111 58 257 561 13 
1341 14.2 51.9 33.9 111 45 255 575 14 
1452 12.3 52.6 35.0 110 50 258 568 14 
1348 13.9 50.9 35.1 110 51 265 560 13 
15 82 16.2 50.0 3 3.8 89 46 249 604 13 
1272 13.4 53.8 32.7 103 62 319 502 15 
1438 14.0 52.6 33.4 103 56 290 538 13 
1480 15.4 51.3 33.3 103 47 247 589 14 
1423 14.7 49.6 3 5.7 107 47 247 5 82 17 
1400 12.4 53.1 34.5 108 50 241 587 15 
1357 15.3 51.7 33.0 107 50 271 560 12 
1368 15.7 51.9 32.4 104 52 306 525 13 
1522 15.0 50.4 34.6 104 53 285 546 12 
1478 15.0 50.4 34.6 104 51 279 554 13 
1460 15.2 49.3 35.5 102 53 269 563 14 
1387 14.4 51.8 33.8 105 52 263 566 15 
1440 15.3 50.5 34.2 111 52 253 571 13 
1404 16.4 50.0 33.6 106 53 268 559 14 
1483 13.5 51.3 35.3 108 48 260 571 13 
1544 15.5 49.6 34.8 107 50 280 497 66 
1498 14.7 49.9 3 5.4 102 42 234 544 79 
1342 17.8 48.5 33.7 107 44 236 539 75 
1449 18.0 48.9 33.1 106 48 251 521 74 
1508 17.7 48.1 34.2 102 44 234 545 76 
1490 16.5 49.0 34.6 101 47 254 528 71 
1548 17.0 50.8 32.1 109 49 237 534 72 
1531 18.5 49.6 31.9 109 52 246 522 70 
1503 15.6 48.6 35.8 102 42 241 540 76 
1570 15.4 50.2 34.5 95 44 243 543 75 
1575 17.6 48.1 34.3 105 47 23 5 53 8 74 
1332 16.8 48.4 34.8 107 45 231 541 75 
1463 15.4 51.7 32.9 98 40 224 562 76 
1527 14.4 50.1 35.5 103 42 217 559 79 
1357 18.1 46.5 35.4 111 47 234 533 75 
1621 18.9 46.9 34.1 104 54 275 500 66 
1543 18.2 49.3 32.5 107 56 264 508 65 
1520 16.1 47.8 36.1 96 43 240 546 75 
1574 15.5 49.0 35.5 111 53 253 517 66 
1357 15.3 51.0 33.7 99 42 238 546 75 
6.1 5.4 2.5 3.7 1.4 5.4 3.% l.% 6.1 
62.9 0.6 0.9 0.9 1.0 1.9 6.6 6.% 1.9 
179.8 1.7 2.5 2.5 2.9 5.3 19.0 19.0 5.4 
240.7 2.3 3.4 3.4 3.9 7.1 25.4 25.5 7.2 
1 207 753 493 
2 179 671 456 
3 190 697 454 
4 182 756 514 
5 190 680 478 
6 256 789 537 
7 171 686 415 
8 203 748 488 
9 227 755 497 
10 210 704 510 
11 174 741 486 
12 208 700 448 
13 215 708 445 
14 229 761 531 
15 223 743 513 
16 222 716 522 
17 201 713 473 
18 221 727 492 
19 23 0 703 471 
20 200 758 525 
21 242 760 543 
22 221 745 533 
23 239 651 453 
24 261 709 479 
25 267 724 517 
26 246 725 519 
27 264 785 499 
28 283 758 491 
29 236 728 540 
30 242 785 544 
31 278 757 541 
32 226 639 468 
33 225 757 481 
34 222 761 544 
35 246 626 484 
36 306 758 557 
37 281 755 507 
38 245 724 551 
39 244 767 563 
40 208 692 458 
CV % 9.3 4.5 8.5 
SEM 15.0 23.4 3 0.2 
LSDo.os 42.9 67.0 86.5 
LSDo.ol 57.4 89.7 115.7 
~ 16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 
~ Entries 1 - 20 = 1 %-linolenate lines, 21 - 40 = 7%-linolenate lines. 
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Table B28. Mean tocopherol and fatty ester content of 20 1 %- and 20 7%-linolenate lines in Population 
2 grown at Isabela, PR, in 2002. 
Tocopherol  Fatty esters ~' 
Entry a y b Total a y ~  16:0 18:0 18:1 18:2 18:3 
 m~ k~-1 oil   %total tocopherol   ~ k~-1 oil 
1 151 676 297 1123 13.4 60.2 26.4 109 32 424 420 14 
2 123 733 248 1104 11.1 66.4 22.5 111 32 376 467 14 
3 126 734 235 1094 11.5 67.0 21.4 113 33 328 512 14 
4 118 697 278 1092 10.8 63.8 25.4 108 3 6 414 429 14 
5 117 771 270 1158 10.1 66.6 23.3 107 38 401 442 13 
6 88 631 245 964 9.3 65.4 25.3 103 36 458 391 13 
7 106 749 241 1096 9.7 68.3 22.0 117 36 291 542 14 
8 130 633 308 1071 12.1 59.0 28.8 111 37 392 448 13 
9 117 669 271 1057 11.1 63.2 25.7 105 36 433 413 13 
10 114 652 289 1055 10.8 61.8 27.4 104 35 442 405 13 
11 134 794 269 1197 11.2 66.3 22.5 108 35 394 449 14 
12 114 709 250 1074 10.7 66.0 23.3 108 3 5 3 82 460 14 
13 124 706 3 44 1173 10.5 60.1 29.3 106 3 6 417 427 13 
14 138 751 283 1172 11.8 64.0 24.1 113 30 330 512 15 
15 133 676 262 1071 12.4 63.1 24.5 111 34 330 511 14 
16 120 783 303 1207 10.0 64.9 25.1 109 32 337 508 14 
17 102 739 325 1166 8.8 63.4 27.8 110 35 345 497 14 
18 133 698 336 1168 11.5 59.7 28.8 105 35 412 436 13 
19 109 692 23 9 1040 10.5 66.5 23.0 110 3 6 3 91 449 14 
20 122 711 246 1079 11.3 65.9 22.8 114 36 342 494 13 
21 130 727 308 1165 11.1 62.4 26.4 121 33 274 501 72 
22 110 750 285 1145 9.6 65.5 24.9 117 40 233 536 74 
23 113 777 331 1221 9.3 63.6 27.1 107 34 320 473 66 
24 127 811 297 1235 10.3 65.6 24.0 105 32 357 445 61 
25 140 773 308 1221 11.5 63.4 25.1 116 35 266 517 65 
26 164 764 273 1200 13.7 63.7 22.7 114 32 280 497 77 
27 149 768 273 1190 12.5 64.5 22.9 108 35 220 557 81 
28 97 788 331 1216 8.0 64.8 27.2 115 33 276 508 69 
29 160 741 281 1182 13.5 62.7 23.8 111 37 385 404 63 
30 113 676 287 1077 10.6 62.8 26.7 106 34 253 534 74 
31 95 732 313 1140 8.3 64.2 27.5 102 28 3 89 418 63 
32 116 685 350 1151 10.1 59.5 30.4 114 36 325 461 64 
33 131 742 285 1157 11.3 64.1 24.6 106 34 338 457 66 
34 152 734 270 1156 13.1 63.5 23.4 110 34 330 460 66 
35 133 693 280 1106 12.0 62.7 25.3 114 39 336 447 64 
36 123 691 328 1142 10.8 60.5 28.7 113 30 359 431 67 
3 7 147 770 277 1194 12.3 64.4 23.3 122 3 5 3 03 468 73 
38 124 811 340 1275 9.7 63.6 26.7 116 33 330 455 66 
3 9 146 796 293 123 5 11.8 64.5 23.6 107 3 5 3 79 414 65 
40 124 824 327 1276 9.7 64.6 25.7 116 35 255 526 68 
CV % 14.4 3.9 7.9 3.5 13.8 2.2 7.3 2.9 4.4 10.9 7.0 10.1 
SEM 12.8 20.4 16.2 28.7 1.1 1.0 1.3 2.3 l .l 26. ~ 23.1 2.9 
LSDo.os 3 6.6 5 8.3 46.4 82.0 3.0 2.8 3.7 6.5 3.1 76.5 66.1 8.4 
LSDo.ol 49.0 78.1 62.1 109.7 4.1 3.8 5.0 8. % 4.1102.4 88.5 11.2 
~ 16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 
~ Entries 1 - 20 = 1 %-linolenate lines, 21 - 40 = 7%-linolenate lines. 
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Entry a y ~ 













































Table B29. Mean tocopherol and fatty ester content of 20 1 %-and 20 7%-linolenate lines in Population 
2 grown at the Agronomy Farm near Ames, IA, in 2002. 
Tocopherol  Fatty esters ~' 
16:0 18:0 18:1 18:2 18:3 
 ~ k~ l oil 
44 288 536 
54 308 508 
53 245 575 
59 293 524 
58 264 550 
54 361 468 
55 243 574 
59 274 541 
58 313 511 
57 317 506 
55 275 547 
57 284 532 
58 271 548 
43 265 567 
58 285 537 
52 272 559 
56 269 553 
58 278 539 
62 298 516 
56 262 557 
47 238 525 
61 226 527 
50 263 511 
50 271 505 
49 223 549 
47 270 499 
46 234 544 
45 242 531 
52 301 469 
46 241 538 
48 315 464 
54 248 519 
53 254 517 
48 266 510 
57 255 506 
48 279 489 
51 271 492 
53 250 S15 
55 274 493 
48 237 534 
3.4 4.5 2.1 
1.3 8.6 7. 
3.6 24.5 22.0 
4.8 32.8 29.4 
150 648 476 
133 641 470 
143 674 450 
141 666 491 
126 682 437 
131 605 439 
127 650 472 
148 625 488 
171 590 485 
150 621 453 
125 668 437 
119 640 448 
150 668 497 
147 677 454 
125 614 452 
160 687 459 
133 699 509 
141 630 485 
144 625 410 
139 630 414 
148 642 461 
158 633 504 
137 644 504 
179 685 444 
173 673 517 
213 659 S00 
165 668 449 
158 688 488 
179 634 460 
152 630 433 
143 629 576 
174 651 505 
159 687 468 
175 644 446 
164 657 442 
173 670 504 
154 644 457 
140 686 505 
157 625 429 
171 728 483 
12.8 4.1 7.4 
13.8 19.1 24.7 
39.4 54.7 70.8 
52.8 73.2 94.8 
Total a y b 









































































































































































































































































~ 16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 
~ Entries 1 - 20 = 1 %-linolenate lines, 21 - 40 = 7%-linolenate lines. 
91 
Entry a Y ~ 













































Table B3 0. Mean tocopherol and fatty ester content of 20 1 %-and 20 7%-linolenate lines in Population 
2 grown at the Burkey Farm near Ames, IA, in 2002. 
Tocopherol  Fatty esters ~ 
16:0 18:0 18:1 18:2 18:3 
 ~ k~ 'oil 
117 43 265 563 12 
113 52 295 527 13 
116 46 215 609 13 
114 54 272 548 13 
115 49 226 597 13 
105 54 339 490 12 
115 54 229 588 13 
116 54 246 571 13 
103 59 317 508 13 
107 54 298 529 13 
111 52 254 569 14 
113 56 265 548 18 
112 52 254 570 12 
115 41 247 584 13 
109 53 268 558 13 
106 48 254 581 12 
111 52 252 572 13 
109 58 258 559 16 
115 54 262 557 12 
113 52 243 578 13 
119 43 214 549 75 
114 54 210 546 76 
107 43 235 543 71 
109 45 239 535 72 
114 44 209 565 68 
113 43 244 526 74 
102 42 217 561 77 
113 45 234 540 68 
114 49 271 499 68 
102 43 226 555 74 
107 47 265 511 70 
114 48 223 545 70 
109 47 235 539 70 
110 47 256 521 65 
113 51 229 537 69 
113 44 255 519 69 
116 50 253 509 71 
116 49 237 527 72 
108 51 234 535 73 
113 43 221 550 74 
1.5 6.3 3.8 1. ~ 6.1 
1.2 2.2 6.8 6.8 1.8 
3.5 6.2 19.4 19.3 5.2 
4. % 8.3 25.9 25.9 7.0 
225 715 514 
196 689 431 
169 682 465 
208 765 528 
142 690 411 
150 603 404 
205 772 504 
218 688 520 
193 666 431 
214 681 493 
223 790 486 
191 710 425 
207 719 508 
223 773 51.5 
178 690 481 
161 699 433 
196 733 550 
226 724 520 
192 700 408 
190 700 453 
213 706 484 
236 709 486 
245 746 589 
237 760 486 
263 749 563 
312 721 500 
249 742 503 
250 756 501 
225 710 474 
236 694 487 
231 769 515 
275 715 543 
201 700 482 
270 679 460 
231 681 434 
282 737 511 
198 666 443 
241 800 549 
241 721 469 
253 797 509 
12.7 4.8 8.3 
19.7 24.6 28.6 
56.3 70.5 81.8 
75.3 94.3 109.5 
Total a Y b 
  total tocopherol 
1453 15.3 49.6 
1315 14.9 52.3 
1316 12.6 52.2 
1501 13.8 51.6 
1243 11.4 5 5.6 
1158 12.9 52.0 
1481 13.8 52.3 
1426 15.3 48.4 
1290 14.9 51.8 
1387 15.3 49.6 
1499 14.9 52.8 
1325 14.3 53.6 
1434 14.3 50.4 
1511 14.7 51.3 
1349 13.0 51.6 
1293 12.4 53.9 
1479 13.2 49.8 
1470 15.3 49.6 
1300 14.7 54.0 
1343 14.1 52.1 
1404 15.2 50.3 
1431 16.4 49.9 
1579 15.5 47.3 
1483 16.0 51.6 
1575 16.7 47.7 
1534 20.3 47.3 
1495 16.7 .49.9 
1507 16.6 50.2 
1409 15.8 50.8 
1417 16.7 49.1 
1514 15.2 51.2 
1533 18.0 46.8 
1383 14.5 50.5 
1409 19.2 48.3 
1346 17.2 50.6 
1530 18.4 48.4 
1307 15.1 50.9 
1589 15.2 50.7 
1431 16.9 50.5 
1560 16.2 51.3 
6.2 9.1 2.4 
62.6 1.0 0.9 
179.1 2.8 2.5 















































16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 
Entries 1 - 20 = 1 %-linolenate lines, 21 - 40 = 7%-linolenate lines. 
92 
Table B31. Mean tocopherol and fatty ester content of 20 1 %- and 20 7%-linolenate lines in Population 
3 grown at Isabela, PR, in 2002. 
Tocopherol Fatty esters ~ 
Entry a Y b Total a Y ~  16:0 1.8:0 18:1 18:2 18:3 
 m~ k~-' oil   %total tocopherol   ~ k~ 1 oil 
1 129 710 277 1115 11.6 63.6 24.8 99 3 8 43 6 414 13 
2 83 658 277 1018 8.1 64.6 27.2 106 37 336 509 12 
3 77 745 279 1101 7.0 67.7 25.3 101 36 414 436 14 
4 86 768 298 1152 7.5 66.6 25.9 102 35 396 454 13 
5 79 777 271 1127 7.0 68.9 24.0 115 39 302 531 12 
6 133 759 259 1151 11.5 65.9 22.6 108 39 370 470 13 
7 109 699 282 1090 10.0 64.2 25.9 111 3 8 229 609 12 
8 112 650 314 1076 10.4 60.3 29.2 108 38 287 556 11 
9 85 825 276 1186 7.2 69.6 23.3 115 40 249 5 83 12 
10 108 699 307 1114 9.7 62.7 27.6 106 38 287 558 12 
11 80 700 25 8 103 8 7.7 67.5 24.8 123 41 206 617 14 
12 101 711 315 1127 9.0 63.1 27.9 109 36 277 565 13 
13 112 755 341 1207 9.2 62.6 28.2 100 37 423 428 13 
14 124 750 328 1203 10.3 62.3 27.3 102 37 359 490 13 
15 95 634 357 1086 8.8 58.3 32.9 95 36 391 466 12 
16 101 720 306 1128 8.9 63.9 27.2 113 38 324 512 13 
17 134 762 328 1223 10.9 62.3 26.8 101 3 8 344 505 12 
18 131 705 298 1134 11.5 62.2 26.3 102 37 344 506 12 
19 118 764 296 1179 10.0 64.9 25.1 102 38 414 428 18 
20 125 711 321 1157 10.8 61.5 27.7 103 37 419 428 13 
21 121 762 402 1284 9.4 59.3 31.3 97 29 478 337 58 
22 142 761 328 1230 11.5 61.8 26.6 110 37 324 464 65 
23 117 771 326 1214 9.6 63.5 26.9 112 3 8 282 495 72 
24 13 9 767 3 3 8 1244 11.2 61.6 27.2 .109 3 8 312 470 70 
25 126 753 305 1183 10.7 63.6 25.7 110 37 319 466 68 
26 71 726 320 1118 6.4 65.0 28.6 124 39 200 560 77 
27 66 770 297 1134 5.8 68.0 26.2 117 39 210 554 80 
28 103 699 411 1213 8.5 57.6 33.9 97 33 469 347 55 
29 77 774 288 1139 6.7 68.0 25.3 104 36 303 486 71 
30 106 787 295 1188 8.9 66.3 24.8 117 38 241 523 81 
31 123 707 349 1180 10.5 59.9 29.6 101 35 318 473 73 
32 123 752 356 1231 10.0 61.0 29.0 104 35 372 425 64 
33 101 726 392 1219 8.3 59.6 32.1 106 34 342 453 65 
34 78 801 297 1176 6.6 68.1 25.3 112 37 330 455 66 
3 5 97 702 290 1089 8.9 64.4 26.6 119 3 8 23 7 531 75 
36 107 696 303 1105 9.7 63.0 27.4 115 35 285 492 74 
37 124 804 386 1314 9.5 61.2 29.4 104 36 393 405 62 
38 119 761 303 1183 10.0 64.3 25.6 116 40 272 504 68 
39 100 728 322 1149 8.7 63.3 28.0 110 36 281 500 74 
40 107 773 331 1212 8.9 63.8 27.3 108 36 307 478 71 
CV% 8.8 3.3 4.1 3.0 7.1 1.4 3.5 2.8 2.8 11.6 6.8 8.% 
SEM 6.6 17.0 9.1 24.5 0.5 0.6 0.7 2.2 0. % 26. % 23.3 2.5 
LSDo.os 18.9 48.6 26.0 70.0 1.3 1.8 2.0 6.2 2.1 76..5 66.6 . 7.2 
LSDo.oi 25.3 65.0 34.7 93.7 1.8 2.4 2.6 8.3 2.8102.4 89.2 9.7 
16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 
Entries 1 - 20 = 1 %-linolenate lines, 21 - 40 = 7%-linolenate lines. 
'f 
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Table B32. Mean tocopherol and fatty ester content of 20 1 %-and 20 7%-linolenate lines in Population 













































LSDo.ol t t 
y s 
m~ k~-1 oil 
Tocopherol 
Total 
Fatty esters ~ 
oc y b  16:0 18:0 18:1 18:2 18:3 
total tocopherol   ~ k~-' oil 
161 636 395 1192 13.4 53.4 33.2 96 62 
130 595 435 1160 11.2 51.3 37.6 98 63 
120 642 456 1218 9.8 52.8 37.4 104 62 
126 634 421 1181 10.6 54.1 35.3 102 67 
170 701 454 1325 12.9 53.0 34.1 107 59 
183 647 425 1255 14.6 51.6 33.8 107 57 
161 616 404 1181 13.6 52.1 34.2 104 53 
152 615 457 1224 12.4 50.3 37.3 104 55 
144 678 460 1281 11.2 52.9 35.9 106 55 
174 632 486 1292 13.5 48.9 37.6 101 58 
147 597 393 1137 12.9 52.5 34.5 111 49 
141 63 6 429 1206 11.7 52.7 3 5.6 102 5 8 
159 625 410 1194 13.3 52.4 34.3 101 64 
159 629 457 1245 12.8 50.6 36.6 100 62 
171 653 543 1367 12.5 47.7 39.7 96 54 
187 649 471 13 07 14.3 49.8 3 5.9 106 51 
180 655 499 1334 13.5 49.1 37.4 97 60 
182 647 448 1277 14.1 50.8 35.1 100 63 
171 642 407 1221 14.0 52.6 33.4 101 62 
193 663 492 13 49 14.3 49.2 3 6.5 101 63 
227 701 561 1489 15.2 47.1 37.7 102 52 
220 680 433 1334 16.5 51.0 32.5 105 55 
236 686 516 143 8 16.4 47.7 3 5.9 106 53 
243 690 469 1402 17.4 49.2 33.4 104 56 
218 667 460 1345 16.2 49.6 34.1 107 53 
156 611 446 1213 12.9 50.4 36.7 115 52 
150 675 513 1337 11.1 50.5 38.4 107 52 
196 664 564 1424 13.8 46.6 39.6 95 55 
184 702 457 1342 13.7 52.3 34.0 97 57 
201 723 531 1455 13.8 49.7 36.5 107 57 
241 685 574 1500 16.1 45.7 38.3 98 52 285 
220 669 475 1364 16.2 49.1 34.7 104 52 266 
208 675 607 1490 14.0 45.3 40.7 104 50 296 
188 732 518 1439 13.1 50.9 36.0 106 59 264 
225 656 537 1417 15.8 46.3 37.9 105 52 280 495 
220 672 473 1365 16.1 49.4 34.5 107 51 266 505 
223 723 589 1536 14.6 47.1 38.4 105 52 274 500 
225 674 452 1351 16.7 50.1 33.2 109 58 257 511 
235 698 532 1465 16.0 47.6 36.3 101 
187 650 481 1318 14.1 49.5 36.4 104 
10.0 4.0 10.4 6.1 7.8 3.7 5.8 1.5 
13.2 18.5 35.2 57.1 0.8 1.3 1.5 1.1 
37.7 52.8 100.7 163.3 2.2 3.7 4.3 3.1 
50.4 70.7 134.8 218.5 3.0 5.0 5.7 4.2 
16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 







































































































54 252 516 76 
53 254 517 73 
3.8 3.8 2.0 5.8 
1.5 7.3 7.4 1.8 
4.3 21.0 21.3 5.1 
5.8 28.1 28.5 6.8 
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Table B33 . Mean tocopherol and fatty ester content of 20 1 %- and 20 7%-linolenate lines in Population 
3 grown at the Burkey Farm near Ames, IA, in 2002. 
Tocopherol  Fatty esters ~ 
Entry a Y b Total a Y b  16:0 18:0 18:1 18:2 18:3 
 m~ k~ 1 oil   %total tocopherol   ~ k~-1 oil 
1 83 713 295 1091 7.6 65.4 27.0 103 52 277 552 
2 74 718 310 1102 6.7 65.2 28.2 104 59 283 540 
3 47 777 315 1139 4.1 68.2 27.7 104 58 261 563 
4 48 837 334 1218 4.0 68.7 27.3 104 57 265 561 
5 68 781 287 1135 6.0 68.8 25.3 110 53 284 539 
6 94 751 265 1110 8.4 67.7 23.9 112 SO 257 567 
7 101 778 329 1207 8.3 64.4 27.2 104 47 220 610 
8 104 719 324 1147 9.1 62.7 28.2 105 51 228 601 
9 53 806 306 1165 4.6 69.1 26.3 110 48 254 575 
10 96 710 315 1120 8.6 63.3 28.1 105 50 223 609 
11 79 712 292 1083 7.3 65.7 27.0 114 49 243 578 
12 95 765 344 1204 7.9 63.5 28.5 106 50 244 588 
13 100 801 331 1231 8.1 65.0 26.9 104 57 263 561 
14 86 757 327 1170 7.3 64.7 28.0 103 54 249 581 
15 74 720 396 1190 6.2 60.5 33.3 97 50 257 584 
16 83 733 322 1139 7.3 64.4 28.3 110 47 242 585 
17 97 755 323 1175 8.3 64.2 27.5 101 52 265 569 
18 98 748 302 1148 8.5 65.1 26.4 103 56 251 576 
19 89 762 301 1152 7.8 66.2 26.1 106 54 253 570 
20 95 765 319 1179 8.1 64.9 27.1 108 52 267 556 
21 96 792 368 1256 7.6 63.1 29.4 103 48 283 499 
22 91 783 316 1190 7.7 65.7 26.6 107 47 223 545 
23 100 794 3 3 7 123 0 8.1 64.5 27.4 109 47 225 541 
24 117 805 335 1257 9.3 64.0 26.6 107 46 227 543 
25 103 780 329 1213 8.5 64.3 27.2 107 49 231 53 8 
26 67 743 360 1170 5.7 63.5 30.8 115 52 248 516 
27 57 790 359 1207 4.7 65.5 29.8 107 48 244 529 
28 70 761 400 1231 5.7 61.8 32.5 99 45 258 527 
29 73 792 290 1155 6.3 68.6 25.1 100 53 247 529 
30 70 844 318 1232 5.7 68.5 25.8 107 50 222 546 
31 74 721 374 1168 6.3 61.7 32.0 98 43 254 531 
32 107 798 338 1243 8.6 64.2 27.2 107 54 250 S 18 
33 82 792 404 1278 6.4 62.0 31.7 103 49 289 491 
34 61 847 314 1222 5.0 69.3 25.7 107 52 249 522 
35 71 740 345 1155 6.1 64.0 29.8 112 47 228 539 
36 74 765 338 1176 6.3 65.0 28.7 109 43 232 537 
37 90 801 377 1268 7.1 63.2 29.7 106 51 248 527 
3 8 73 777 314 1164 6.3 66.7 27.0 110 51 225 543 
39 79 833 344 1255 6.3 66.3 27.4 107 44 213 557 
40 76 790 329 1194 6.3 66.2 27.5 108 44 222 548 
CV % 12.3 4.4 4.2 4.1 10.0 1.1 3.3 
SEM 7.2 24.0 9.7 34.3 0.5 0.5 0.6 
LSDo.os 20.5 68.7 27.9 98.2 1.4 1.5 1.8 
LSDo.oi 27.5 92.0 37.3 131.4 1.9 2.0 2.5 
16:0 = palmitate, 18:0 = stearate, 18:1 = oleate, 18:2 = linoleate, and 18:3 =linolenate. 
Entries 1 - 20 = 1 %-linolenate lines, 21 - 40 = 7%-linolenate lines. 
t 
t 
1.8 4. % 3.7 1.6 
1.3 1.7 6.4 6.3 
3.8 4.8 18.4 17.9 
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